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1. INTRODUCTION 


As is well known, the innermost layer of the shells of numerous molluscan 
species consists of a material known as nacre or more familiarly as mother- 
of-pearl. The outer opaque layers covering the nacreous substance may 
usually be removed without difficulty and its surface thus exposed may be 
smoothed and polished, thereby enabling its characteristic lustre and iri- 
descence to be fully displayed. Large shells of the molluscan species 
Margaratifera, Turbo, Haliotis and Nautilus thus prepared are magnificent 
objects. Some twenty years ago, one of us became interested in the optical 
phenomena exhibited by these shells. An extensive collection of material 
was got together, and the studies made with the same, revealed many facts 
of interest. * * It was shown that the colours of internal reflection and 
of exterior diffraction at the surface of the shells are so related that the mono- 
chromatic light-beam arising from the mutual interference of the reflections 
from the successive layers of the nacre has the same direction as the diffracted 
beam of that wave-length in the spectrum of the same order. A notable 
part was also found to be played by the diffusion of light in the nacreous 
material arising by reason of its structure which consists of discrete crystal- 
lites of aragonite imbedded in a cementing network of conchyolin and arranged 
in a series of equidistant layers. The size, orientation and ordering of the 
crystallites in the layers is altogether different in the different classes of 
mollusca, viz., Bivalvia, Gastropoda and Cephelopoda and differs in detail 
even as between the different species within the same class. These structural 
differences are made evident in a very striking way by the variation in the 
nature of the diffusion halo observed in the different cases when a bright 
source of light, preferably a sodium vapour lamp, is viewed through a thin 
plate of nacre. The actual appearance of an iridescent shell in any given 
set of circumstances was found to be profoundly influenced by the diffusion 
and absorption of light within its material, apart from the internal reflections 
at the successive layers of the structure. 
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Recent issues of these Proceedings have contained papers describing 
the results of investigations on the structure and optical behaviour of various 
solids exhibiting structural colours. The phenomena encountered in those 
investigations suggested that further studies on the same lines with iridescent 
shells might prove fruitful, and this has actually been found to be the case. 
Some noteworthy results have emerged which are reported in the present 
paper. Of special interest is the discovery that the monochromatic reflections 
and extinctions bifurcate at oblique incidences and appear in the spectrum 
as separate components which are polarised differently. This result could 
have been anticipated as a consequence of the strong birefringence of arago- 
nite. Secondary maxima of reflection and extinction accompanying the 
principal components have also been observed and recorded. The diffusion 
haloes referred to in the foregoing paragraph have also been found to exhibit 
remarkable changes in their geometric form and their state of polarisation 
when a source of light is viewed obliquely through the plate of the material. 
Closely connected with these diffusion phenomena is the polarisation of the 
transmitted light which is observed and which is of the opposite character 
to that ordinarily exhibited by a pile of plates at oblique incidences. In 
these and various other effects that have been noticed, the individual features 
in the structure of the nacre in the different species of mollusca come very 
prominently into evidence. 


2. THE STRUCTURE OF THE NACREOUS MATERIAL 


The lamellar structure which is responsible for the iridescence of nacre 
is on a very fine scale. Nevertheless, it is often possible to observe and 
enumerate the individual layers, because in their natural form the shells are 
curved and hence when a plate is cut and polished flat, the successive layers 
meet the surface obliquely and exhibit the contours of the form on which 
the material of the nacre was originally laid down. These contours can be 
readily observed through a magnifying lens or a low-power microscope. 
They appear as a series of circles, ellipses, hyperbole or other curves follow- 
ing each other in great number. From the inclination of the lamelle to 
the surface and their observed separation, the spacing of the stratifications 
can be determined. 


That the nacre consists of discrete crystallites becomes evident when a 
small bright source of light is viewed normally through a thin polished plate 
of the material. Overlying the original source of light we observe a diffusion 
halo which, as mentioned above, exhibits totally different characters in the 
different orders of mollusca. In the Gastropoda which include such well- 
known shells as Turbo, Trochus and Haliotis, we observe a circular halo 
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with faint extensions outside and a dark area inside surrounding the source. 
The halo of Turbo is reproduced as Fig. 1 of Plate I. In the Bivalvia on the 
other hand, the halo consists of two diffuse spots, one on either side of the 
image of the source, with a distinct bright corona overlying the latter. This 
is illustrated in Fig. 5 of Plate Il. The most interesting halo of all is that 
given by Nautilus. This shell is remarkably opaque and has to be thinned 
down very considerably to enable the halo to be seen. It is of peculiar form, 
consisting of two circular but incomplete arcs of about 60° angle, one on 
either side of the direct beam. In the outer regions we observe faint exten- 
sions, including especially a pair of brushes extending out obliquely from 
the terminations of each of the circular arcs mentioned above. A picture 
of the halo of Nautilus as observed in the normal setting of the shell is 
reproduced as Fig. 8 in Plate III. 


In all cases, if the source of light is monochromatic, the haloes exhibit 
a finely mottled structure as can be seen in Plates I, Il and III. On the other 
hand, if the source of light is white, we notice long coloured streaks radiat- 
ing out from the centre, the most intense portions of these forming the 
observed halo. From these facts it is clear that the haloes arise from the 
interference of the light diffracted by the individual crystallites of aragonite 
in their setting of conchyolin. From their configuration one can deduce 
the size, shape and ordering of the crystallites in the individual layers of the 
nacreous material. 


Useful information regarding the structure of nacre is also forthcoming 
from a variety of other sources. In particular, should be mentioned the 
appearance of thin sections of nacre under the microscope. Studies of this 
kind accompanied by numerous microphotographs are described in a paper 
by V. S. Rajagopalan.* As has been shown by him, the results are in full 
accord with the inferences derived from a study of the diffusion haloes. Of 
particular interest are the photographs of the conoscopic figures of different 
specimens of nacre also recorded and reproduced in the same-paper. The 
figures exhibit the birefringence of the material very clearly and represent 
the integrated effect of the crystallites. For the Gastropoda, the figures 
observed in convergent polarised light are indistinguishable from that of 
a uniaxial crystal cut normal to the optic axis. On the other hand, the 
Bivalvia show figures resembling that of a biaxial crystal but with varying 
optic axial angles. Nautilus gives a biaxial figure with a very small axial 
angle. 


These observations indicate that in the Gastropoda, the crystallites are 
orientated at random in the plane of the stratifications, while on the average, 
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their c-axes are normal to that plane. On the other hand, in the Bivalvia, 
it is evident that the crystallites are set in more or less precisely defined 
orientations in the plane of the stratifications, while their c-axes lie normal 
to that plane on the average. The case of Nautilus is of a more complex 
character. Observations under the microscope with high powers exhibit 
a twinning of the crystallites which appear ordered in the layers in a fairly 
regular manner. However, fairly large errors in orientation are indicated 
by the fact that no complete extinctions are observed under crossed nicols. 


The foregoing inferences regarding the orientation of the crystallites 
in the nacreous shells receive support from X-ray diffraction studies. 
Numerous examples have been investigated by S. Rama Swamy*® in diffe- 
rent settings of the specimens using monochromatic X-radiations. The 
patterns recorded are found to be totally different for the Bivalvia, Gastropoda 
and for Nautilus respectively. They also show that the orientation of the 
individual crystallites fluctuates observably about the average in all cases. 


3. THE REFLECTION-DIFFRACTION SPECTRA 


As remarked earlier, the laminations of nacre, in general, meet its external 
boundary obliquely. As a consequence, the surface of the material is usually 
corrugated and gives rise to diffraction spectra accompanying the reflected 
light. Simultaneously also, the incident beam penetrating into the nacre 
is reflected backwards by the stratifications, and since the latter are regularly 
spaced, there is a selective monochromatic reflection, the direction of emergence 
of which is determined by the inclination of the stratifications to the surface 
and the refractive index of the material. Since both effects have their origin 
in the same incident beam, they are necessarily coherent, and it is easily 
shown? that the internal reflection emerges in a direction coinciding with 
one of the orders of the diffraction spectra of the same wave-length produced 
by the surface of the shell. Further, the order of the diffraction spectrum 
in which it appears is also the order of the interferences giving the character- 
istic internal reflections. All that is necessary to determine the latter is to 
allow a thin pencil of white light to fall on the surface of the shell and to 
receive it after reflection on a white card. The iridescent reflection then 


appears in its proper place in the sequence of diffraction spectra produced 
by the corrugated surface. 


The coherence of the internally reflected and externally diffracted radia- 
tions also exhibits itself in other ways. A faint diffraction spectrum of a 
higher order than the characteristic iridescence is frequently observed and 
this is usually monochromatic. Further, the distribution of intensity in 
the spectra of the lower orders is modified and may be very different from 
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that observed in a normal spectrum. 
Figs. 14, 15 and 17 in Plate IV. 


Four reflection-diffraction spectra obtained with Margaratifera, Turbo, 
Nautilus and Haliotis are shown as Figs. 14, 15, 16 and 17 respectively in 
Plate IV. In each figure the diffraction spectrum of zero order appears as 
the most intense and best defined spot. Owing to the asymmetric configura- 
tion of the surface, the diffraction spectra are far more intense on the one 
side than on the other. In each figure the last bright spot to the right is 
the characteristic reflection. In Fig. 14 it appears in the diffraction spectrum 
of the fourth order, in Fig. 15 in the third, and in Figs. 16 and 17 in the 
second order. 


Such an effect is clearly seen in 


Some special points of interest may be mentioned in this connection. 
The iridescent reflection usually appears surrounded by a halo of scattered 
light. The angular diameter of this halo is large and its intensity is low for 
Margaratifera. Indeed it is hardly visible in Fig. 14. On the other hand, 
it is of smaller dimensions and more intense in the case of Turbo (see Fig. 15). 
These differences are explicable in terms of the size of the crystallites which 
are much smaller in Margaratifera than in Turbo. The diffusion halo over- 
lying the iridescence in the case of Nautilus is very intense as c2n be seen 
from Fig. 16. This is evidently a consequence of the special structure of 
the nacre in this mollusc and is closely connected with the extreme opacity 
of its shell referred to earlier. 


It is evident that the reflection colours exhibited by nacre would be 
more lively if they arise from interferences of a lower order than in the case 
of higher orders. There are however also other factors which require to 
be considered in this connection. One of them is the intensity and colour 
of the overlying diffusion of light already referred to. Another factor is 
the specific absorption of light by the organic matter present in the nacre. 
The effect of such absorption would be to diminish the intensity of the diffuse 
light emerging from within the shell and hence would help to make the 
coloured reflections more vividly observable. Per contra, the absence of 
such material or a specially strong diffusion would reduce the vividness of 
the iridescence. As examples of the working of these factors, we may men- 
tion a few cases. The iridescence of Turbo is more vivid than that of 
Margaratifera evidently as a consequence of the interferences being of a 
lower order. The brilliant colours often seen with the shells of the Cali- 
fornian abalone may likewise be ascribed to the interferences being of a still 
lower order, namely the second. They are further enriched when absorbing 
material is present in the shell. Nautilus, on the other hand, presents a 
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silvery appearance and a generally inconspicuous iridescence, clearly because 
of the intense diffusion of light by the material. 


4. SPECTRAL CHARACTER OF THE REFLECTIONS AND 
EXTINCTIONS 


In Plates V and VI are reproduced the reflection and extinction spectra 
respectively of iridescent shells in typical cases. They exhibit several features 
of interest which will now be described. 


Fig. 18 (a) in Plate V is a record of the spectrum of the light reflected 
at nearly normal incidence from the outer convex surface of a large well- 
polished shell of Margaratifera. The reflecting area chosen was located 
on a part of the shell in which some absorbing material was present which 
in consequence was quite dark when viewed by diffuse light and per contra 
exhibited vivid colours by reflection. Other areas where there was no such 
absorption appeared silvery white by reflected light with scarcely any visible 
colour. Fig. 18 (a) shows the third and the fourth order reflections in this 
case. The latter is highly monochromatic and is accompanied by secondary 
maxima. Figs. 18 (b) and (c) recorded with a polaroid before the slit of 
the spectrograph in two perpendicular settings give no indication of any 
polarisation of the spectrum at the incidence employed. On the other hand, 
the spectra recorded with the same shell and with the light incident at an 
angle of about 50° and reproduced in Fig. 19 show such an effect in a striking 
manner. Fig. 19 (a) gives the whole of the reflected light, while Figs. 19 (5) 
and (c) were recorded with a polaroid in front of the slit with its vibration 
directions respectively perpendicular and parallel to the plane of incidence. 
The splitting of the spectral reflection into two polarised components, each 
accompanied by its own secondaries, is thus clearly demonstrated. A similar 
effect is shown by Figs. 20 (a), (b) and (c) recorded in a similar manner, of 
the reflection from a piece of Turbo at oblique incidences. Figs. 21 and 22 
in Plate VI are similar records of the transmission spectra of a thin polished 
plate of Turbo at normal and at oblique incidence respectively. The former 
exhibits the high monochromatism of the extinctions, the secondaries 
accompanying them, as also the absence of any polarisation. But in Fig. 22 (a) 
which was recorded in oblique transmission through the plate, the split- 
ting of the extinctions into two components appearing at A 4380 and A 4520 
respectively is very clearly seen. It is also apparent from Figs. 22 (b) and 
(c) that the two components are polarised differently; the extinction at 
\ 4520 is very prominent in Fig. 22 (6), while that at 4380 is hardly 
visible; in Fig. 22 (c), on the other hand, the extinction at A 4520 is not 
perceptible while that at A 4380 is distinctly visible, 
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The splitting of the reflections and extinctions into polarised components 
in oblique reflection and transmission is readily understood when the 
birefringence of the nacre is taken into consideration. The refractive index 
of aragonite for vibrations parallel to the c-axis is 1-530 while for vibrations 
parallel to the a- and b-axes are respectively 1-681 and 1-685. The values 
for nacre would, of course, be modified by reason of the presence of con- 
chyolin. We may, as a first approximation, ignore the difference in the 
refractive indices for vibrations along the a- and b- axes and treat the nacre 
as equivalent to a negative uniaxial crystal. Such an assumption would 
be strictly correct for the Gastropoda and approximately so for the Bivalvia 
and for Nautilus. The monochromatism of the reflections and extinctions 
at normal incidence and their splitting into two components at oblique inci- 
dences with the component of shorter wave-length vibrating in the plane of 
incidence follow as consequences of this situation. 


It may be mentioned that the splitting and polarisation of the 
spectral components can be observed visually with a pocket spectroscope. 
It can also be demonstrated in an objective manner with the aid of 
the reflection-diffraction spectra illustrated in Plate IV, when these are 


observed at oblique incidences with a polaroid placed in the path of the 
reflected light. 


The high degree of monochromatism of the reflections exhibited in 
Fig. 18 (a) calls for remark. The theory of the reflection of light by a 
periodically stratified medium was discussed by G. N. Ramachandran in 
these Proceedings? some years ago. His paper considers the influence of 
the several factors which influence the observed results, viz., the reflecting 
power of the stratifications, the relative thicknesses of the alternate layers, 
the total number of strata and so forth. As was shown by him, the sharp- 
ness of the spectral maxima cannot be indefinitely increased by increasing 
the number of the stratifications but is limited by their reflecting power. 
In the present case, the difference in the refractive indices of aragonite and 
conchyolin at normal incidences is very large. In these circumstances, the 
observed spectral sharpness of the reflection maxima is, at first sight, a very 
surprising fact. An explanation of this is to be found in the circumstance 
that the layers of conchyolin separating those of aragonite are very thin in 
comparison with the latter. Thus, in spite of the large difference in the 
refractive indices of the two materials, the reflecting power of an individual 
stratification is small. The light can therefore penetrate to considerable 
depths and bring effectively into operation a large number of strata and there- 
by sharpen the spectral bands of reflection, 
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5. THE DIFFUSION HALOES AND THEIR POLARISATION 


As remarked in the introduction, the diffusion haloes observed when 
a source of light is viewed through a plate of nacre undergo most remarkable 
changes in respect of their geometric form and state of polarisation when 
the plate is tilted from the normal position to one in which the light traverses 
it obliquely. These changes are illustrated by a series of photographs in 
Plate I for the case of Turbo, in Plate I for the case of Margaratifera and 
Plate III for the case of Nautilus. Certain features common to all the three 
cases may first be mentioned. When the light traverses the plate normally, 
neither the source of light itself nor the halo seen around it exhibit any pola- 
risation. In other words, if a polaroid covers the source of light and is 
turned round in its own plane, no change is observable in the field. How- 
ever, when the plate is tilted, polarisation effects immediately become visi- 
ble. The source itself as seen by the transmitted light is weakened in intensity, 
the component of vibration lying in the plane of incidence much more so 
than the other: indeed, the former component is nearly extinguished when 
the plate is held sufficiently obliquely. This effect is exactly the opposite 
to that exhibited by a pile of plates and also appears at much smaller angles 
of incidence than in the latter case. The explanation of the phenomenon 
is evidently to be found in another effect which is noticed at the same time, 
viz., the appearance of an increasingly intense diffusion halo seen covering 
the source of light and which is strongly polarised in the opposite sense, 
that is, with its light vibrations predominantly in the plane of incidence. 
The extinction of the same component in the transmitted light is thus revealed 
to be a direct consequence of the strong diffusion of the same component 
at oblique incidences. In all three cases, however, part of the diffusion 
halo as seen at oblique incidence is found to be polarised with the vibrations 
perpendicular to the plane of incidence. Both the configuration of the halo 
and the state of polarisation in the different parts of the field alter progres- 
sively with the increasing obliquity of the plate. 


The case of Turbo illustrated in Plate I shows the most rapid changes 
of the diffusion halo as the incidence is made oblique. To observe the circular 
halo represented in Fig. 1, the orientation of the plate has to be precisely 
normal to the light-beam from the source. A slight tilt of the plate causes 
the disappearance of a part of the circular halo and the simultaneous appear- 
ance of a corona of light surrounding the source with the consequence that 
the picture is strongly asymmetric (Fig. 2 in Plate I). With a further tilt, 
the surviving part of the circular halo divides into two spots which shift 
towards a diametral setting with reference to the central corona which then 
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appears with greatly enhanced intensity. The picture is then rather remine- 
scent of the planet Saturn with its rings protruding on either side. Seen 
through a polaroid, the two outer spots are strongly polarised, being visible 
in one setting and completely absent in a perpendicular setting; the central 
corona is also partially polarised but in the opposite sense. These two 
cases are represented respectively in Figs. 3 and 4 of Plate I. It will 
be noticed from the latter figure that the central corona has a distinctly 
elliptic shape with its major axis in the plane of incidence. 


In the case of Margaratifera, a tilt of the specimen away from the normal 
results principally in an enlargement and intensification of the central corona 
covering the source of light. There is however an important difference in 
its shape and extension according as the tilt of the specimen is about the 
line joining the two outer spots of the halo or about a perpendicular line. 
In either case, the extension of the corona is greater in a plane perpendicular 
to the axis about which the plate is tilted. If the corona extends more along 
the line of the spots, it tends to overlap and cover them up. Fig. 6 corres- 
ponds to this case and Fig. 7 to the other case. 


The most remarkable changes are those observed with Nautilus and 
illustrated in Figs. 8 to 13 of Plate III. Some of the features noticed in this 
case resemble those noted above in the case of Turbo, while others resemble 
the effects observed with Margaratifera. The phenomena are totally diffe- 
rent in the two cases in which the axis about which the plate is tilted is respec- 
tively parallel or perpendicular to the line joining the centres of the two short 
circular arcs seen in the normal setting. Taking first the parallel case, 
we find as with Turbo a shortening of the circular arcs; they appear to drift 
to one side or the other according as the tilt is in one sense or the opposite. 
The pattern thus becomes distinctly unsymmetrical with reference to the 
image of the source of light. This asymmetry becomes most clearly evident 
when the pattern is seen through a polaroid. The two outer arcs alone and 
the source of light are seen in one setting of the polaroid, while in the other 
perpendicular setting a bright central corona with a diffuse outlying patch 
is seen. The extraordinary perfection of the polarisation of this corona 
will be realised on a comparison of Figs. 10 and 11 in Plate III which repre- 
sent the diffusion halo as seen through the polaroid respectively in two mutually 
perpendicular settings. Fig. 9 is the diffusion halo in the same situation 
but photographed without a polariser. It will be noticed that the outer 
arcs have shifted distinctly downwards with respect to the centre of the 
corona; on the other hand, when the tilt of the plate is in the opposite sense, 
they drift upwards with respect to it. The latter case is represented by Fig. 12. 
When the axis about which the plate is tilted is perpendicular to the line 


10 Sm C. V. RAMAN AND D. KRISHNAMURTI 


joining the centres of the circular arcs seen in the normal setting, we observe 
the strikingly asymmetric pattern reproduced in Fig. 13, one of the arcs 
being then much more intense and elongated than the other. 


6. THE ORIGIN OF THE DIFFUSION HALOES 


Two distinct types of diffusion arise when a beam of light traverses the 
nacreous substance even in the relatively simple case of normal incidence 
on the stratifications. We have firstly, the diffusion backwards towards 
the source referred to in section 3, which is due to the fact that the reflecting 
layers are not continuous and that when considered on a microscopic scale 
they are not perfectly plane. The second type of diffusion appears in direc- 
tions adjacent to that of forward travel of the light. This is a consequence 
of the different retardations of the advancing wavefront produced respec- 
tively by aragonite and by conchyolin in each layer of the stratification. As 
this difference is not negligible, a powerful diffusion would result. Indeed 
nacre would be completely opaque to light but for the fact that the largest 
proportion of the area in each layer is occupied by the aragonite crystallites, 
the conchyolin oniy filling the narrow gaps between them. It is scarcely 
to be doubted that the high opacity of the shell of Nautilus is to be ascribed 
to this condition being less perfectly fulfilled than in the other cases, as is 
indeed evident from the microphotographs of thin sections of the material.* 


The linear fibrous grouping of the crystallites in Margaratifera results 
in the diffusion appearing principally in a plane perpendicular to the fibre 
direction. As a consequence of the approximate uniformity of the size of 
the crystallites, the nacre behaves somewhat in the manner of a diffraction 
grating: a central corona appears surrounding the source of light and is 
accompanied by two bright spots on either side. On the other hand, the 
central corona is very weak in the normal patterns of Turbo and almost 
completely absent in that of Nautilus. The pattern for Turbo resembles pretty 
closely the diffraction pattern due to a large number of circular discs arranged 
in a plane with a high degree of regularity which is reproduced as Fig. 3 (a) 
in Plate XVI in a paper by Y. V. Kathavate® in these Proceedings. We may 
therefore infer a remarkable combination of random orientation with regu- 
larity of spacing of the crystallites of aragonite in Turbo. The special form 
of the diffusion halo in Nautilus is likewise to be ascribed to the peculiar 
shape and very characteristic arrangement of the crystallites in its structure 
revealed by microscopic and X-ray studies. 


When the characteristic monochromatically reflected beam travels back- 
wards towards the source of light, it would necessarily suffer a diffusion of 
the second type. This would be characterised by its being also monochromatic 
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and would thus be different from the backward diffusion of the first type 
which would be white in colour. The overlapping of the two effects would 
determine the colour of the backward diffusion actually observed. 


7. THE CASE OF OBLIQUE INCIDENCES 


We now have to consider the explanation of the remarkable changes 
in the general configuration of the diffusion pattern, as also the striking 
polarisation effects exhibited by it in different areas, consequert on a tilting 
of the plate with respect to the light beam. There could scarcely be any 
doubt that the latter feature arises from the birefringence of the crystallites 
of aragonite. When the light traverses them normally, the refractive index 
is effectively the same or nearly the same for all directions of vibration in 
the wave front. Hence, the diffusion haloes cannot be expected to exhibit 
any polarisation, and indeed no such effect is observed. On the other hand, 
when the light traverses the plate obliquely, the refractive indices of the arago- 
nite differ notably for the two components. There is therefore no reason 
to anticipate that either the transmission or the diffusion of the light through 
nacre would exhibit identical features in respect of both components. What 
is remarkable, however, is that in certain parts of the field the diffused radia- 
tion is predominantly polarised in one way and in the rest of the field pre- 
dominantly in the opposite sense. We have now to ask ourselves why this 
is the case. 


In order that there should be either a high concentration of intensity 
or a nearly vanishing intensity of the diffracted light in any particular part 
of the field, it is clearly necessary that the scattered radiations from the 
crystallites should be in regular phase relationships with each other in the 
corresponding directions, mutually reinforcing or mutually cancelling out 
each other’s effects by interference, as the case may be. The retardation 
of phase of the light-waves in passage through a crystallite would be diffe- 
rent for the two components of vibration, and it is readily seen that the 
fluctuations in such retardation due to the varying orientation of the crystal- 
lites would be much larger for the vibration component in the plane of inci- 
dence than for the other component. It follows that the features in the pattern 
arising from the coherence-in-phase of the effects of the individual crystallites 
would be most clearly evident for the component perpendicular to the plane 
of incidence; per contra, the results of their incoherence would be most 
marked in the parallel component. Pursuing this line of thought, one can 
readily understand in a general way the phenomena described above for 
the different species of nacre. A preferential extinction of the parallel 
component in the transmitted light follows as a consequence of the same 
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train of ideas. This effect is very evident on a comparison of Figs. 22 (b) 
and (c) in Plate VI, which represent the spectra of the transmitted light for 


the two components respectively and which were recorded with identical 
exposures. 


8. OPTICAL BEHAVIOUR OF TRANSVERSE SECTIONS 


So far, we have been concerned with the passage of light through nacre 
in directions either normal or moderately inclined to the stratifications. Very 
beautiful effects which appear worthy of record are also noticed when a 
pencil of light passes through a thin plate of nacre cut transversely. Such 
a section, in effect, constitutes a diffraction grating. As a consequence, 
when a narrow pencil of light passes through it and is received on a screen, 
diffraction spectra are observed, one on either side of the transmitted beam, 
in directions making fairly large angles with it. The transmitted beam also 
shows a distinct measure of polarisation, but the sense of this differs in the 
two cases of light traversing the section normally and in very oblique direc- 
tions. Within a certain range of these directions, a bright cross exhibiting 
brilliant colours with complementary tints in the two arms appears, having 
the transmitted pencil at the point of intersection of the two arms. The 
colours change in a remarkable manner with the inclination of the section 
to the pencil of light. The two arms are also polarised but with their vibra- 
tion directions perpendicular to each other. 


In seeking an explanation for the effects briefly mentioned above, 
one takes into account the fact that the refractive indices of aragonite and 
of conchyolin are different, such difference varying both with the direction 
of travel of the light beam and with the direction of vibration in it. Laminar 
diffraction effects varying with these factors would arise in consequence. 
The phenomenon of the cross with coloured arms may be ascribed to the 
discrete structure of the layers of aragonite. It may be mentioned that the 
phenomenon is best shown by transverse sections of Turbo. 


9. SUMMARY 


Some remarkable optical effects exhibited by nacreous shells have been 
observed and reported, the following amongst others: The monochromatic 
reflections and extinctions split into two polarised components at oblique 
incidences as a result of the birefringence of the material. Light traversing 
the stratifications obliquely suffers extinction by reason of diffusion by the 
crystallites of aragonite, this being most rapid for the component of vibration 
in the plane of incidence. Striking changes are also observed in the character 
of the diffusion haloes with increasing obliquity of observation, a particularly 
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noteworthy feature being that the different parts of the diffusion field are 
differently polarised. 
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THE action of acetylene on molten sulphur gives a solid and a liquid thieno- 
thiophene (thiophthenes).’ The constitution (I) of the solid isomer 
was assigned on the basis of physical determinations such as X-ray crystal 
analysis* and dipole moment which was zero.t This structure was con- 
firmed recently by Challenger et a/. by the synthesis of the solid thiophthene 
by reduction of 3-hydroxythieno(3: 2-b)thiophene.> The liquid thiophthene 
was constituted as thieno(2:3-b)thiophene (II) because of its alternative 
synthesis from tricarballylic acid or citric acid,* but this synthesis would not 
exclude an alternative structure (II). Challenger and Emmott have recently 
proved the constitution of the liquid thiophthene as (II) by a study of its 
substitution reactions.? An unambiguous synthesis of (IL) has not been 
reported in the literature so far. The structures (I) and (II) assigned to the 
solid and liquid thiophthenes have now been confirmed by unambiguous 
synthesis following the general method for the synthesis of thiophenes and 
thiapyrans described by us earlier.6 A brief report of the work was published 
by us recently® and the present paper gives experimental details. 
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Thieno(3 : 2-b)thiophene (I) was prepared starting from 3-thiophenethiol 
by the condensation with bromoacetaldehyde diethyl acetal, and cyclization 
of the resulting 3-thienyl 2: 2-diethoxyethyl sulphide (IV). Thieno(2: 3-b)- 
thiophene (II) was prepared similarly by the ring closure of 2-thienyl 2: 2- 
dimethoxyethyl sulphide (V). The properties of (I) and (II) correspond 
to those of the solid and liquid thiophthenes described in the literature. 


Except for thionaphtheno(3: 2-b)thionaphthene (VI), prepared by the 
pyrolysis of S-acetylthiosalicylic acid’!® and by the action of phosphorus 
pentoxide on thiosalicylic acid," other condensed ring systems containing 
the structures (I) or (IJ) are unknown. The synthesis of benzo derivatives 
of (I) and (II) is now reported. 


(VII) (IX) 
Et 
Ss 
(XI) (XII1) 
4 
7 8 1 
(XII) 


Condensation of 3-thiophenethiol with 2-bromocyclohexanone gave 
2-(3’-thienylmercapto)cyclohexanone (VII) which, on cyclization, gave 
5: 6: 7: 8-tetrahydrothieno(3 : 2-b)thionaphthene (VIII). Dehydrogenation of 
the latter with diphenyl disulphide (cf. Nakazaki!*) gave thieno(3: 2-b) 
thionaphthene (IX) with the simultaneous formation of  thiophenol. 
4: 5: 6: 7-Tetrahydrothieno(2: 3-b)thionaphthene (XI) was prepared simi- 
larly starting from 2-thiophenethiol and 2-bromocyclohexanone through 
2-(2’-thienylmercapto)-cyclohexanone (X). Attempts to convert (XI) to thieno 
(2: 3-b)thionaphthene (XII) by dehydrogenation with usual reagents, such as 
sulphur, N-bromosuccinimide, diphenyl disulphide, and selenium proved un- 
successful. Treatment of (XI) with selenium at 304° gave 3-ethylthionaphthene 
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(XIID instead of (XII). Further attempts to synthesise (XII) are in pro- 
gress. The numbering and nomenclature of the above compounds are 
in accordance with Ring Index.!% 


EXPERIMENTAL 


Thienyl 2: 2-dialkoxyethyl sulphides were characterized as 2: 4-dinitro- 
phenylhydrazones of the parent S-thienylthioglycolic aldehydes. Thienyl- 
mercaptocyclohexanones were also characterized as 2: 4-dinitrophenylhydra- 
zones. The thiophthenes were characterized by preparation of complexes 
with picric acid or sym-trinitrobenzene. 2-Thiophenethiol was prepared 
according to Caeser and Branton™ from 2-iodothiophene and 3-thiophenethiol 
was obtained by courtesy of Socony Vacuum Oil Company. 


3-Thienyl 2: 2-diethoxyethyl sulphide (IV) 


3-Thiophenethiol (11-3 g.), sodium (2-3 g.), bromoacetaldehyde diethyl 
acetal (20 g.) and alcohol (50c.c.) were refluxed for four hours. The sul- 
phide (18-5 g.), after distillation gave a colourless oil (15 g., yield, 66%), 
b.p. 115-20° (bath temp.)/1 mm. (Found: C, 51:2; H, 6°8. 
requires: C, 51-7; H, 6:9%). 2:4-Dinitrophenylhydrazone gave orange 
needles from alcohol, m.p. 113° (Found: N, 16-4. C,sH,N,O, requires 
N, 16°6%). 


Thieno(3 : 2-b)thiophene (1) 


The sulphide (IV) (5-0g.) and phosphorus pentoxide (12:5 g.) were 
refluxed in benzene (50 c.c.) for two hours. The benzene extract was removed 
by decantation and the residue was extracted with more benzene. The crude 
product (2 -9 g.) obtained on removal of benzene was purified through the 
picrate when it gave a white solid (0-55 g., yield 18%). Crystallization from 
n-hexane gave colourless flakes, m.p. 55° (Challenger et al.,5 54°) (Found: 
C, 51-5; H, 3-3. Cale. for CgH,S.: C, 51-4; H, 2-9%). The picrate cry- 
stallized in yellow needles from alcohol, m.p. 146° (Found: C, 39-1; 
H, 2:0; N, 11-3. C,sH7N,;0,S, requires C, 39:0; H, 1-9; N, 11-49%). 


2-Thienyl 2: 2-dimethoxyethyl sulphide (V) 


2-Thiophenethiol (12-6 g.), sodium (2-5 g.), bromoacetaldehyde dimethyl 
acetal (19-5 g.), and absolute alcohol (50 c.c.) were refluxed for four hours. 
The sulphide (19-2 g.) after distillation gave a colourless oil (16-1 g.; yield, 
72:5%), b.p. 120-24° (bath temp.)/I1mm. (Found: C, 47:2; H, 6:1. 
C,H,,0,S, requires C, 47-1; H, 5-9%). 2:4-Dinitrophenylhydrazone gave 
yellow needles from alcohol, m.p. 115° (Found: N, 16:2. CsHjoN,0,S, 
requires N, 16-6%). 


( 
I 
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Thieno(2: 3-b)thiophene (II) 


The sulphide (V) (1-6g.) was refluxed with phosphorus pentoxide 
(7:5 g.) and phosphoric acid, sp. gr. 1-75 (10c.c.) in dry benzene (40 c.c.). 
The crude thiophthene (1-5 g.), isolated as before, gave on distillation a 
liquid (0-5 g.) which on further purification through the picrate gave a 
pale yellow oil (0-2 g.), b.p. 75-80° (bath temp.)/1 mm. (Literature ® 225°, 
226°) (Found C, 51:2; H, 2-8. C,H,S, requires C, 51-4; H, 2-9%). 


The picrate crystallized from ethyl alcohol in yellow needles, m.p. 135-36° 
(Literature ® 134°, 133°) (Found: N, 11-1; C,,.H,N,O,S, requires N, 11-49%). 


2-(3’-Thienylmercapto)cyclohexanone (VII) 


A solution of 3-thiophenethiol (18 g.) in 20% aqueous sodium hydroxide 
(28-6 c.c.) was cooled to 20-25° and 2-bromocyclohexanone (27-4 g.) was 
gradually added in ten minutes under stirring and cooling. After stirring 
for one and half hours, the reaction mixture was diluted with water and the 
product (30g.) which separated as an oil was isolated by means of ether. 
Attempts to purify the product by vacuum distillation were unsuccessful 
because of the cyclization of the product during distillation. 2: 4-Dinitro- 
phenylhydrazone gave lustrous yellow needles from alcohol, m.p. 147-48° 
(Found: N, 14-1; CigHigN,O,S, requires N, 14-39%). 


5:6: 7: 8-Tetrahydrothieno(3 : 2-b)thionaphthene (VIII) 


A mixture of (VII) (2-8 g.), phosphorus pentoxide (7 g.) and dry benzene 
(30 c.c.) was refluxed for two hours. The crude product (2-7 g.), isolated 
by benzene extraction, on distillation gave a pale yellow oil, b.p. 125-30° 
(bath temp.)/0-7 mm. (Found: C, 61-6; H, 5:3. CyoHyoS, requires C, 
61-3; H, 5-1%). The picrate crystallized from alcohol in dark red needles 
m.p. 107-8° (Found: N, 9-9. C,gH,3N;0,S, requires N, 9-9%). 


Thieno(3 : 2-b)thionaphthene (IX) 


A mixture of (VIII) (2-3 g.) and diphenyldisulphide (4-6 g.) was heated 
in a bulb tube at 250° for one hour. Thiophenol (4 g.), which was formed 
as the dehydrogenation progressed, distilled over and was removed. The 
residue left in the bulb tube was then distilled at 160-180°/1 mm. The dis- 
tilled product (1-2 g., yield 80%) gave colourless needles from alcohol, m.p. 
87-88° (Found: C, 63:5; H, 3-2. CyoHygS, requires C, 63-2; H, 3-2%). 
The sym-trinitrobenzene derivative crystallized from alcohol in yellow needles, 
m.p. 135°. (Found: C, 47-7; H, 2:1; N, 10-4. C,.H,N,O,S, requires 
C, 47-5; H, 2:2; N, 10-4%). 

A2 
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2-(2'-Thienylmercapto)cyclohexanone (X) 


A solution of 2-thiophenethiol (14-2 g.) in 20% aqueous sodium hydroxide 
(25 c.c.) (1 mol.) was cooled to 20-25° and 2-bromocyclohexanone (21-4 g.) 
was gradually added in 15 minutes under stirring and cooling. After  stir- 
ring for one and half hours, the mixture was extracted with ether. The 
product (21 g.), obtained after removal of ether, crystallized from petroleum 
ether in colourless needles, m.p. 60° (15 g., yield 81%) (Found: C, 56-5; 
H, 5-6. CypH,,OS, requires C, 56:6; H, 5:6%). 2:4-Dinitrephenyl- 
hydrazone crystallized from alcohol in yellow needles, m.p. 183-4° (Found: 
C, 48-5; H, 4-3; N, 14-3. CygHigN,0,S, requires C, 48-8; H, 4-1; N, 
14-3%). 


4: 5:6: 7-Tetrahydrothieno(2: 3-b)thionaphthene (X1) 


A mixture of (X) (1 g.) and phosphorus pentoxide (2 g.) was heated 
in an oil-bath at 160-70° for 30 minutes. The crude product (0-5 g.), iso- 
lated by benzene extraction, gave on distillation a colourless liquid (0-4 g., 
yield 44%), b.p. 130-40°/1 mm. (Found: C, 62:0; H, 5:1. CyoHy»S, 
requires C, 61-9; H, 5-1%). The sym-trinitrobenzene derivative gave 
golden yellow needles from alcohol, m.p. 106-7° (Found: C, 47-1; H, 3-2; 
N, 10°3. CygH3N;0,S, requires C, 47-2; H, 3-2; N, 10-19%). 


Attempts to dehydrogenate (X1) 


A mixture of (XI) (1-1 g.) and selenium (1-1 g.) was heated in a test 
tube fitted with an air condenser at 304° for 12 hours. The reaction product 
(1-1 g.), isolated by extraction with n-hexane, gave on distillation a colour- 
less liquid (0-6 g.), b.p. 80-90°/1 mm., which analyses correctly for 3-ethyl- 
thionaphthene (XIII) (Buu-Hoi and Cagniant,” b.p. 180°/83 mm.) (Found: 
C, 74-5; H, 6-0. Calc. for CypHS: C, 74-1; H, 6°1%). The picrate 
crystallizes from alcohol in orange plates, m.p. 78° (Buu-Hoi and Cagniant, 
m.p. 78°). 


Attempts to dehydrogenate (XI) by treatment with sulphur, N-bromo- 
succinimide, chloranil, diphenyl disulphide were also unsuccessful. 


SUMMARY 


Thieno(3: 2-b)thiophene (I) and thieno(2: 3-b)thiophene (II) were pre- 
pared starting from 3- and 2-thiophenethiols and bromoacetaldehyde dialkoxy 
acetals. Condensation of the latter with the thiols gave 3-thienyl 2: 2-di- 
ethoxyethyl sulphide (IV) and 2-thienyl 2:2-dimethoxyethyl sulphide (V) 
which on cyclization gave (1) and (ID). 
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Thieno(3: 2-b)thionaphthene (IX) was prepared starting from 3-thio- 
phenethiol and 2-bromocyclohexanone. Condensation of the latter com- 
pounds gave 2-(3’-thienylmercapto)cyclohexanone which on cyclization gave 
5:6: 7: 8-tetrahydro-thieno(3: 2-b)thionaphthene (VIII). Dehydrogenation 
of (VIII) gave (IX). 4:5:6: 7-Tetrahydrothieno(2: 3-b)thionaphthene (XI) 
was prepared similarly starting from 2-thiophenethiol. Attempts to de- 
hydrogenate (XI) to thieno (2:3-b) thionaphthene (XII) were unsuccessful. 

We are deeply indebted to the Socony-Vacuum Oil Co. for the gift of 


3-thiophenethiol used in the present and in subsequent work. Our thanks 
are also due to Dr. T. S. Gore for the microanalyses. 
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1. INTRODUCTION 


Ir is well known that the state of polarization of X-rays has an influence 
on the intensity of Bragg reflection from a crystal. It arises essentialiy because 
of the fact that the scattering by a single electron is not isotropic. When 
unpolarized X-rays are incident on an electron, the scattered amplitudes 
with the vibration directions par:.ilel (~) and perpendicular (¢) to the plane 
of scattering are in the ratio of cos %: 1, where # is the angle of scattering. 
For a Bragg reflection, the angle of scattering, 4— 20, where @ is the Bragg 
angle. Consequently, in the so-called kinematical theory of X-ray reflection, 
where each unit cell is supposed to scatter under the action of the incident 
wave alone and no dynamic interaction is assumed to exist between the inci- 
dent and scattered waves, the intensities of the two polarized components 
of the finally emergent beam will be in the ratio of cos? 26: 1, which is the 
same as the value for a free electron. This theory holds in the case of an 
ideally mosaic crystal, in which the individual crystallites are so small that 
no appreciable scattered wave builds up in a single crystallite. 


The situation is however different in a perfect crystal. One has to take 
into account the multiple interactions between the incident and reflected 
beams and work out a dynamical theory of X-ray reflection, as was first 
put forward by Darwin (1914) and Ewald (1918, 1924). A good account 
of the theory is given by Zachariasen (1945) and James (1948). It leads to 
the result that, in the case of a surface reflection from a perfect non-absorb- 
ing crystal, the ratio of the integrated reflections of the two polarized compo- 
nents is only |cos26|:1. Consequently, if we use completely polarized 
X-rays and vary the azimuth of polarization keeping all other conditions 
the same, then the integrated reflection would vary from a maximum to a 
minimum, the ratio of the two being 1: cos? 26 if the crystal is mosaic and 
1: | cos 26| if it is perfect. 

Although this result is implicit in the formule which have been known 
for a long time, no attempt appears to have been made to verify the theoretical 
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prediction. In fact, it is usually assumed that the so-called ‘ polarization 
factor ’, for which a correction is applied in deducing F values from measured 
intensities of Bragg reflections, has the mosaic value } (1 + cos* 28), irrespec- 
tive of the degree of perfection of the crystal. The present paper describes 
some experiments which have been made to verify whether there is any 
difference between the behaviours of a perfect and a mosaic crystal, as would 
be expected from the above considerations. The experiments clearly indicate 
that the ratio of the maximum to the minimum (as the azimuth of polarisa- 
tion is varied) is much higher for a mosaic crystal than for a perfect crystal 
of the same substance. However, the actual data fit the results of the above 
simple theory reasonably well only in the mosaic case; they differ appreciably 
from theory in the case of a perfect crystal (Ramaseshan and Ramachandran, 
1953). The deviation has been explained as being due to the inadequacy 
of the theory when referred to an actual absorbing crystal, since it is valid 
only for a non-absorbing perfect crystal. The theory for an absorbing crys- 
tal has been given by Prins (1930) and Kohler (1933) following the Darwin 
and Ewald methods respectively. They are however not in a form suitable 
for comparison with experiment. The two theories have been combined 
and further worked out by Hirsch and Ramachandran (1950). Using their 
results, it is found that one can measure the degree of perfection of a crystal 


from the type of experiment mentioned above. This aspect is described 
in Sections 5 and 6. 


2. | EXPERIMENTAL DETAILS 


The polarizer-monochromator was a large crystal of KCI (M of Fig. 1), 
with a ground face parallel to the (110) planes. The 440 reflection has a 
Bragg angle of 43° 58’, so that 2@ is approximately 88° and the Bragg- 
reflected beam would be almost completely polarized. The fraction of un- 
polarized X-rays is less than one per cent. and the maximum error arising 
from this cause in the measurements is much less than the other experimental 
errors. The KCl crystal was mounted on a horizontal axis, fixed to the 
window of the X-ray tube, which could be rotated by means of a tangent 
screw (T). The monochromator was surrounded by a brass box (B) lined with 
lead, having an aperture at the position where the reflected beam occurred. The 
monochromatic beam thus passed down the aperture in a vertical direction. 


The crystal under study (in this particular case a crystal of sodium 
nitrate) was mounted on a goniometer head (G) fixed to a vertical axis of 
rotation on the spectrometer. The collimator (CC) consisted of a tube 1 mm. 
in diameter and 4cm. long fixed so as to coincide exactly with the axis of 
the spectrometer, The spectrometer itself was aligned to admit the maximum 
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Fic. 1. Schematic diagram of the experimental set up 


intensity of the monochromatized X-ray beam and thus to be exactly in line 
with it. 

In order to detect the Bragg-reflected beam from the crystal under study, 
a Geiger Miiller counter tube (GM) was used. The G.M. tube was mounted 
on a pillar (P) fixed to a movable arm (A) which rotated about the same 
axis as the crystal. There was provision whereby both the height of the G.M. 
tube as well as its inclination to the horizontal could be adjusted. In this 
way, the G.M. tube could be aligned so as to catch the reflected beam for 
any Bragg angle @. Having once adjusted the crystal and G.M. tube so as 
to be in alignment, the two could be coupled by means of a rod (R) which 
could be attached to the axis of rotation of the crystal and the pillar on the 
counter arm. Both the crystal and the counter could thereafter be rotated 
together and thus the angle between the plane of reflection and the plane 
of vibration of the polarized X-rays (denoted as the azimuth ¢ of 
polarization) could be varied. The azimuth could also be read from a 
graduated circle by means of a mark made on the counter arm. 


At each azimuth, the integrated reflection was obtained as follows: 
The crystal was first set at the peak of the Bragg reflection. It was then 
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rotated away from this setting by 1° by means of the tangent screw of the 
goniometer. The counting rate generally reduced to the background value 
when the setting was changed by 1°. Thereafter, readings of the reflected 
intensity were taken at steps of 0-1° (0-05° close to the peak). These were 
plotted on a graph paper and the area was taken to be proportional to the 
integrated intensity. The same experiment was repeated for different azi- 
muths. The voltage and current through the tube (35 KV, 17 ma) were 
maintained constant by careful manual control. No attempt was made 
to directly measure the intensity of the monochromatized beam incident on 
the crystal under study, but it was seen to be constant to within + 5 per cent., 
as verified by the constancy of the twice-refiectéd Bragg intensity measured 
on various occasions. The final data are therefore accurate to 5 per cent., 


as the various other processes involved in their evaluation are more accurate 
than this. 


Cu Ka radiations were used throughout the investigation and the reflec- 
tions studied were the 422 and 633 of NaNOs, obtained from a natural (211) 
face of the crystal. The crystals were obtained by slowly growing them from 
solution and the specimens studied had faces with an area of about 1 cm.?2 
and a thickness of about 2mm. The integrated reflections for different 
azimuths varying from 0° to 90° were first measured with the natural face 
and later after lightly grinding the surface on emery. 


3. INTERPRETATION OF THE EXPERIMENTAL RESULTS 


The data obtained are shown in Figs. 2 and 3 in which they are pre- 
sented as follows. Representing by p¢ the integrated reflection for an azimuth 
¢ (#=0 corresponaing to the case when the electric vector is perpendicular 
to the plane of reflection, i.e., ), we may define a new quantity 


r (¢)= p¢/po- (1) 


Thus, r (¢) is the relative integrated reflection with respect to that for azimuth 
zero. The data in Fig. 2 are the values of r (4) for different azimuths both 
for the natural and the ground surfaces obtained with the 422 reflection; 
Fig. 3 gives similar data for 633. It will be noticed that the two sets of 
values of r (4) progressively deviate as ¢ increases from 0° to 90°, the diffe- 
rence being largest for 6=90°. Thus, the state of perfection of a crystal 
modifies the relative intensity of Bragg reflection for different azimuths of 
polarization. 


The following two formule for the integrated reflections of the “‘ surface ” 
reflections from a mosaic crystal (py) and from a perfect non-absorbing crystal 
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0 30° 60° 90° 

Fic. 2. Variation of r (¢) with azimuth ¢ for NaNOs, 422 reflection. The thick lines are the 
theoretical curves for the limiting cases of a perfect (r,,) and a mosaic (r,) crystal. The dotted 
curve r,, refers to an idealised perfect crystal having no absorption. The experimental! data are 
indicated by circles for the ground crystal and crosses for the natural crystal. Note that all the 
experimental data occur between the limits set by theory. 
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Fig, 3, Variation of r (¢) with azimuth ¢ for NaNOs, 633 reflection. The diagram is exactly 
similar to Fig. 2 and the remarks made in that case also hold here, 
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(ppx) are well known (cf. Internationale Tabellen, 1935, Vol. II, p. 562-64) 


1 2 A3 1 2 20 
N?|F/? (1 + =" ) = R, (1 + cos? 24) (2) 


e IF A? (1 + |cos 26 }) 
0 2 


N! = Rpy (1 + | cos20 |) (3) 


These formule refer to unpolarized incident X-rays. If the incident X-rays 


are completely polarized at an azimuth ¢, then the corresponding 
formule are 


pu (¢)=Ry (cos*¢ + sin® cos? 26) (4) 

Ppn = Rpy (cos? ¢ + sin? cos 26 |) (5) 
Thus, we have 

ru (¢)=cos? + sin? cos? 20 

rpy (4) = cos? ¢ + sin? dj cos 28 | (7) 


The relative integrated reflection, expressed as a function of ¢, is different 
in the two cases. Since |cos 20|< 1, ry (¢)<rpy (¢), so that the values 
of r(¢) for a mosaic crystal would in general be smaller than for a perfect 
crystal. Both start at a value equa! to unity for 6=0, but r,, (¢) decreases 
much more rapidly than rp y (4), and the difference is a maximum at @ = 90°. 


However, for 6=0°, 45° or 90°, cos? 29 = | cos 20|, and for these parti- 


cular Bragg angles, the perfect and mosaic crystals behave similarly. The 
difference .is a maximum for @=30° and 60°. 


In Fig. 2, the values of ry (¢) and rpy (¢) are indicated by the respective 
curves. It will be seen that the former agrees very well with the data for 
the ground crystal, as is to be expected. However, the data obtained with 
the natural surface of the crystal lie significantly below the curve for rpy (¢). 
This might be due to two causes: either (a) the natural surface is far from 
being near-perfect, or (b) the theoretical curve rpy (¢) does not correspond 
to what one would expect for a perfect crystal. As mentioned in the intro- 
duction, the theory is in fact not valid for an absorbing crystal. We shall 
therefore investigate how the theoretical values are modified when the crystal 
has a finite absorption coefficient. 


4. CALCULATION OF r (¢) FOR AN ABSORBING PERFECT CRYSTAL 


The theoretical formula for the Bragg reflection curve of an absorbing 
perfect crystal has been given by Prins (1930) and Kohler (1933). For a 
symmetrical surface reflection, these theories give the following formula 
for the intensity (I,) of the reflected beam in terms of the incident intensity 
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(Ip) [see Zachariasen, Eqn. (3.190) and also Hirsch and Ramachandran, 
(19)]. 


IJlbp=L— (8 a) 
L={y*+ g? + |V[(y?— g? — 1 — k*)?+ 4 (ey — (8 5) 


Here, the angular deviation (@’ — 6) from the Bragg setting is given by the 
parameter y whose value is 


Z mmc? (6’—@) sin 26 


where 


The other quantities have the values: 
k =F"/F’ (11) 
K=1 for the o component, and (12 a) 
K= | cos 26 | for the 7 component (12 d) 


F’ and F” are the real and imaginary components of the structure amplitude 
F and p is the linear absorption coefficient. In order to obtain the integrated 
reflection, we want the quantity p=f (I,/Ip) dé’, which may be expressed 
in terms of the integral 


Ry=J dy (13) 
The exact formula is 
K e 


No analytical form has been obtained for the function R, (g, k), but its 
variation with the parameters g, and k has been computed by numerical 
integration and exhibited in a graphical form by Hirsch and Ramachandran 
(1950). They have also deduced an empirical formula for this variation: 
a (1 + 

Rue= gfexp[— + OF 32/37 15) 
The same formula (14) can be used for a mosaic crystal, but then R, has a 
different form, Ryy, given by 


Ryw=7 (1 + k?)/4 |g| (16) 
“n either case, therefore, the integrated reflection p is a function of K, the 


other quantities being the same, since g is a function of K. If p is the func- 
tion Q(K) of K, then clearly 


r ($)=cos%} + asin? ¢ (17) 
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where 


a= Q (|cos 26 |)/Q (1) 


The problem therefore reduces to finding a. In the case of a mosaic crystal, 
we find from the above equations that p, = const. K? and therefore a =cos? 20, 
in conformity with what is to be expected from Equation (6) above. For 
a non-absorbing perfect crystal, | g|—0 and we have from Equation (15), 
R, = 8/3, so that ppy=const. K and a=|cos 26 |, again agreeing with 
Equation (7). For a perfect absorbing crystal, the relation (15) between Ry 


and K is complicated and so no explicit analytical form is possible for a in 
this case. 


However, one may make the following general observation. Hirsch 
and Ramachandran (1950) have shown that, with increasing | g|, Ry (g, k) 
of a perfect crystal monotonically decreases, ultimately having the same value 
as the mosaic crystal for very large values of | g|, which corresponds to a 
large absorption coefficient, the ‘reflecting power’ or F-value remaining» 
the same. Thus, the effect of a finite absorption coefficient will be to alter 
the value of the function a from | cos 29 | towards the mosaic value cos? 26. 
It would be interesting to repeat the investigations with different wave-lengths 
for which the crystal would have different values for the absorption coefficient. 


Numerical calculations may readily be made for the particular cases 
in which we are interested. The following are the relevant data for NaNO, 


422 and 633 reflections, obtained or calculated from those available from 
standard tables. 


TABLE I 
Data for the calculation of a for the 422 and 633 reflections of NaNO, 


633 


6 30° 29’ 49° 36’ 
F 10-9 16-3 
K 1-000 0-485 1-000 0-160 
g 0-0242 0-0491 0-0162 0-0995 
Ry 3-038 2-729 3-148 2-257 
KR, 3-038 1-323 3-148 0-360 
a 0-436 0-115 
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The formulae for rp, (¢) are thus 


for 422, rp, (¢)= cos? ¢ + 0-436 sin? ¢ (18) 
and for 633, rp, (¢)=cos? d + 0-115 sin? ¢ (19) 


The calculated values from (18) and (19) are shown by the thick lines in 
Figs. 2 and 3. 


5. CALCULATION OF THE DEGREE OF PERFECTION 


As mentioned earlier, the data for r (¢) obtained with the ground surface 
occur very close to the theoretical curve for a mosaic crystal [ry (¢)]. This 
is satisfactory. However, it may be noted that in both Fig. 2 and Fig. 3, 
the experimental data are consistently above the theoretical mosaic crystal 
curve, particularly in the region near ¢=90°, which is the most sensitive 
region. Thus it appears that the grinding has not made the crystal ideally 
mosaic. Similarly, the experimental data with the natural crystal surface 
occur consistently below the theoretical curve for an absorbing perfect crystal 
[rpa (¢)]._ This shows that the natural crystal studied was not ideally perfect. 


It is very gratifying to note that the experimental data occur almost 
completely in between the two theoretical curves [viz., rp, (¢) and ry (¢)]. 
The actual value of r (¢) could therefore be used for assessing the degree of 
perfection of a crystal. Thus, if r (4) is the experimental value for a crystal, 
then its degree of perfection (4) may be defined as 


_ r®—m @ 


It can readily be shown that 4 is independent of ¢, for we have from Equa- 
tions (6), (7) and (17), 


A =(a — cos? 26)/(| cos 20 | — cos? 24) 
the right-hand side being independent of ¢. 


This fact, namely, that 4, as defined by (20), is independent of ¢ can 
readily be checked from the data shown in Figs. 2 and 3. Tables II and III 
contain the values of rp, (4), ry (¢) and r (¢) both for the natural and ground 
surfaces in the two cases, namely 422 and 633. Since the calculation of 4 
from Equation (20) involves the differences of the measured values of r (¢), 
and the latter are themselves accurate only to about 5 per cent., large diffe- 
rences are to be expected in the calculated values of 4. The values calcu- 
lated from the data for ¢ < 60° are particularly susceptible to this inaccuracy. 
However, the trend of the data show clearly that 4 is constant within the 
imits of experimental error. 
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Taking the mean value of 4 from the different measurements, it is seen 
that the natural surface is about 68 per cent. perfect, while the ground sur- 
face has only a degree of perfection of about 20 per cent., showing that it 
approaches the ideally mosaic case. 


TABLE II 
Data for calculating the degree of perfection for the 422 reflection (@ = 30° 29’) 


60° 


rea 

ru (¢) 

r (¢)—natural 
r(¢)—ground 
Aw—natural 


A—ground 


TABLE III 
Data for calculating the degree of perfection for the 633 reflection (@ = 49° 36’) 


? 30° 45° 60° 70° 75° 


0-779 | 0-558! 0-337 | 0-228 | 0-174 
ru (6) -+| 0-756 | 0-513 | 0-269 | 0-140! 0-100 
r(¢)—natural --| 0-77 | 0-55 | 0-32 | 0-20 | 0-16 


r()—ground 0-76 0-53 0-28 0-11 
A—narural *+| 63% 84% 15 % 68% 80% 
A-—ground 17% 40% 16% 12% 


6. CONCLUSION 


Thus, we have a new method for determining the “‘ degree of perfection ”’ 
of a crystal. It only requires the measurement of the integrated reflections 
for various azimuths of polarization, and further only relative intensity data 
with respect to that for azimuth zero are needed. It would be of great 
interest to study the relationship between the value of the degree of perfec- 
tion given by this type of experiment and the sharpness of X-ray reflection, 
or the absolute value of the integrated reflection, both of which are also 
highly sensitive to the degree of perfection of a crystal. A study of these 
aspects have been taken on hand. 


¢ | 30° | 45° | || | 90° 
os 0-859 0-720 0-577 0-436 
.* 0-809 0-617 0-427 0-235 
0-84 0-67 0-54 0-36 
. 0-82 0-63 0-46 0-28 
. 62% 51% 16% 62% Mean 
63% 
22% 13% 22% 22% Mean 
20% 
| 0-125 |* 0-115 
| 0-055 | 0-026 
0-11 0-09 
0-07 0-04 
718% 72% Mean 
14% 
20% 15% Mean 
19% 
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Another extension that could be made is to the case of an “ internal ” 
reflection. The theory (von Laue, 1949; Ramachandran and Kartha, 1952) 
indicates that in this case also the behaviours of a perfect and a mosaic crys- 
tal are quite different, and it requires experimental verification. The use 
of the internal reflection has the advantage that it would bring out the texture 
of the whole volume of the crystal and not merely that of the surface layers, 
which play the most important patt in the experiments described in the present 
papgr. 

'We wish to thank Mr. V. Radhakrishnan for constructing the electronic 
equipment with which the measurements of X-ray intensities were made. 


SUMMARY 


The paper describes an investigation of the intensity of Bragg reflection 
when the incident X-rays are polarized and the azimuth of the electric vector 
is varied with respect to the plane of reflection. It is observed, using natural 
and ground (211) faces of NaNOz, that the variation of intensity with azimuth 
of polarization is different for a mosaic and a perfect crystal. Such a diffe- 
rence is in fact to be expected from theoretical considerations. The actual 
behaviour of both the ground and the natural faces was found to be inter- 
mediate between what is predicted by theory for an ideally perfect and an 
ideally mosaic crystal. By comparing the observed azimuthal variation 
of the integrated reflection with the theoretical expectation for the two 
limiting cases, it is possible to assess the degree of perfection of the crystal. 
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1. INTRODUCTION 


PurELyY from classical considerations, Becquerel (1897) arrived at the following 
simple expression connecting V,, the verdet constant of a substance for the 
wavelength A, with the optical dispersion (dn/dA), for the same wavelength, 
= e/2 mc?.A (dn/da), 

e and m being the electronic charge and mass in e.s. unit respectively and c the 
velocity of light. Darwin and Watson (1927) examined critically the magneto- 
optic data of a large number of substances in the solid, liquid and the gaseous 
state and found that the Becquerel formula is valid provided a factor y called 
the magneto-optic anomaly factor, is introduced. They have shown that 
this factor y of a substance is constant over the visible and the near ultra- 
violet regions of the spectrum. On the theoretical side, Kronig (1927) was 
the first to attempt to correlate the magnitude of the anomaly factor of a 
diatomic gas with the energy states of the molecule. The complete expres- 
sion for a gas has been derived by Serber (1932) although no numerical com- 
putation has yet been possible. He has been able to show that the y value 
of any gas should necessarily lie between 0 to 1. The formal theory of 
Faraday rotation for atoms was first developed by Rosenfeld (1930) and 
he has shown that for atoms having the inert gas structure the anomaly factor 
should take a value of unity. As free ions of halogens and alkali metals 
have the inert gas structure, they should also have the same y value. 


Even though there has been considerable experimental work on the 
Faraday effect in ionic solutions since the early work of Faraday and Perkin, 
there has not been much systematic attempt at determining the anomaly 
factor for solutions or ions, due to lack of dipsersion data. Ramaseshan 
(1950) who investigated the Faraday effect in a large number of solutions, 
has shown that the y value of solutions is constant in the visible region and 
that the value of the anomaly factor of the ions in solution is much higher 
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than that for the ions in the crystal. All his measurements have been made 
with 4 normal solutions only and since the variation of magneto-optic rota- 
tion and dispersion of the ions with concentration is considerable, it is neces- 
sary that the measurements should be made for different concentration and 
the values at infinite dilution should be taken for the evaluation of anomaly 
factor. 


However, it is well known that the union of ions to form molecules of 
a gas, a complex molecule, or a crystal is always accompanied by a change 
in the properties of ions themselves. The lack of additivity in molecular 
refractivity and equivalent conductivity and also changes in absorption of 
light are often used to establish this fact. The variation of magneto-optic 
rotation with concentration seems to be very much more pronounced than 
refractivity and so an investigetion in this direction would yield a valuable 
insight into the nature of influence exerted by various components in solution. 
In the present investigation the optical and magneto-optic properties of 
aqueous solutions of halogen acids and some of their salts at various con- 
centrations have been examined with a view to find out whether the magneto- 
optic constants could throw any light on the phenomena of dissociation 
and solvation. The results obtained are presented below. 


2. EXPERIMENTAL DETAILS 


The magneto-optic rotation of the plane of polarization was measured 
by using an electromagnet of the Rutherford type. The pole pieces had 
longitudinal holes of about 0-6cm. diameter and the gap between the pole 
pieces was 3cm. With an exciting current of 6 amps. a field of the order 
of 7,000 oersteds was produced. The field was constant to within 1 to 2% 
across the hole. The liquid under investigation was contained in a giass 
cell of known thickness which was kept between the pole pieces. The source 
of light used was a mercury arc with a suitable filter to transmit the A 5461 A 
green radiations. The rotation was measured by means of a polarimeter 
which was mounted on a divided circle that could read upto -01°. The 
polarimeter was also provided with a double field polarizer in which the 
half shade angle could be varied from 0 to 20°. A half shade angle of 3° 
was found to be most convenient for matching. For each solution the 
rotation was measured a large number of times and the mean value of several 
readings obtained was taken. The readings usually differed by -01 to -02°. 
All the measurements were made at the room temperature (25° + 0-5°C.). 


To determine the effective magnetic field, the Faraday rotation for water 
was measured. Assuming the verdet constant for water for the wavelength 
5461 A to be -01547 minutes of arc per cm. per oersted, the field strength 
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was calculated. The values of the verdet constant for the various solutions 
were evaluated by using the relation V= w/LH, where V is the verdet con- 
stant, w the magnetic rotation, L the length of the liquid column and H the 
field. 


The refractive indices of the solutions for different wavelengths were 
measured with the aid of a Pulfrich refractometer. Absolute values of 
the refractive index were accurate only to the fourth decimal place, largely 
because of mechanical faults in the instrument, but a comparison at two 
wavelengths could be made accurate to the fifth decimal place. Temperature 
control of the sample was provided by circulating water around the prism. 
The densities of the solutions were measured using a specific gravity bottle 
having a vacuum jacket and thermometer. Necessary precautions were taken 
to obtain accurate values. In some cases, the values of the density were 
taken from I.C. Tables directly. _Kahlbaum’s pure acids were further 
distilled in the laboratory and the strength of each acid was determined 
volumetrically by titration. They were then diluted as desired. The salt 
solutions were prepared using Kahlbaum’s or Merck’s purest analytical 
reagents. 

3. METHOD OF CALCULATION 


The dispersion (dn/dA) for each solution was calculated from the ordinary 
dispersion formula, 
n?= A + B/(A? — A?) 
where A and B are constants, n the refractive index and A the wavelength. 


In calculating the magneto-optic constants of the ions from the experi- 
mentally observed values for the solutions, it is necessary to make use of 
one of the various known mixture rules. The well-known verdet rule which 
makes use of the principle of additivity of specific rotation cannot be used 
as it is found to be quite unsatisfactory even in the case of organic mixtures 
(Schutz, 1936). Obviously, a mixture rule that is based on the additivity 
of polarisability would be the most satisfactory one. According to the 
electromagnetic theory of magneto-optic rotation, an oscillating electro- 
magnetic field incident on a volume element placed in a magnetic field induces 
fields parallel and perpendicular to the incident one, the latter having a phase 
lag of 7/2. The former gives rise to refraction and the latter to the gyration. 
If now we assume the existence of Lorentz-Lorenz polarisation field and 
also that the polarisation that causes the gyration is small compared to that 
which causes refraction, we can arrive at the following formula 

Vs; 9n, Vv Vz 
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where V is the verdet constant, d the density, M the molecular weight, sub- 
scripts S, 1, 2 refer to soiution, salt and the solvent water respectively. F, 
and F, are the mole fractions of the two components, 

M2 + Mga,’ + M0, 
where w, and , are the weights of salt and water respectively in the mixture 
and M, and M, their molecular weights. This rule is due to De Mallemann 
(1926) and is found to be experimentally valid. 


Similarly the mixture rule me refraction is -_ by 


1 — 1 M,F, 1 M.F, 
n+ 2 * dg ad, (2) 
By differentiating this expression one gets the addivitity rule for dispersion, 
Ons dn, M,F, 
(ns? + 2)? dad 2)? dA d, 
On, dn, M.F, 
da 
The expressions 
n?—1M on dn M 
nm+2d’ (+2)? dA d 
and 
9n M 
+ 2)? 


are called molecular refractivity, molecular dispersivity and molecular rotati- 
vity respectively and are denoted by symbols [R],,, [D],, and [Q]y. It may 
be mentioned here that while the refractivity formula (2) has been verified 
experimentally, the author is not aware of any systematic investigation to 
establish the dispersion rule (3). However, as these rules have a sound 
theoretical basis, they have been used in this investigation for the calculation 
of magneto-optic and optical constants of the ions in solution. 


Since according to modified Becquerel formula, 


Yun = (4) 
A [Dilu 


It is essential to remember that the magneto-optic constants of ions calculated 
from the above equations make use of two questionable assumptions; firstly 
that the Lorentz-Lorenz polarisation field exists in ionic assemblies and 
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secondly the properties of solvent molecules are not affected by the process 
of solution. 


4. RESULTS 


It is not found possible by the method employed here to work in very 
dilute solutions since the very small errors in the measurement of rotation 
and dispersion introduce large errors in the value of [2;], and [Dj]y. So 
measurements have been made for fairly large concentrations and the value 
at infinite dilution has to be found out by extrapolation. 


Tables I to III give the optical and magneto-optic constants for the 
halogen acids and some univalent halide solutions. In these, W is the 
weight percentage of the salt in solution, d the density, 1,4,, the refractive 
index, dn/dA the dispersion, V;.¢,; in minutes per cm. per oersted the verdet 
constant for the solutions for wavelength 45461. [Qi]y, 
and y; are the moleculer rotativity, molecular dispersivity, molecular refracti- 
vity and the magneto-optic anomaly factor of the ions in solutions as calcu- 
lated from Equations (1), (2), (3) and (4). The values of these constants 
given here refer to the contribution of both the cation and anion together. 
The values corresponding to zero concentration (i.e., infinite dilution) are 
the values got by extrapolation and are given in italics. 


TABLE I 
Optical and Magneto-Optical Constants of the Halogen Acids 


Sub-| W VSol, [Diu 


min./cm. 5461 [Rilu vi 
stance | % acid per oersted olteeel per A 


(dn! dd)sa61 
per A 


0 ee 12-18 | 27-50 8°97 
8 1-0361 0-01822 1-35414 427-9 | 11-72} 26-41 8-94 
15-9 1-0750 0-02081 1-37316 486-6 | 11-19 | 25-33 8-75 -80 
23-34 | 1-1128 0-02308 1-39089 536-5 | 10-59 | 23-88 8-59 
30-10 | 1-147] 0-02522 1-40739 588-1 | 10-25 | 23-47 8-52 -79 
35°5 1-1735 0-02685 1-42111 623-00} 9-97 | 22-70 8-49 
0 21:96 | 47-62 | 12-21 
1-0551 0-01787 1-34691 417-9 | 21-65) 46-50| 12-18 
16-75 | 1-1269 0-02089 1-36304 480-1 | 21-35 | 45-24 12-15 
25-24 | 1-2060 0-02417 1-38079 546-8 | 21-07 | 44-24) 12-12 +86 


33°55 | 1+2954 0-02798 1-40070 615-6 | 20-93 | 42-48 | 12-06 +87 
0-03317 1-43063 20-07 | 41-58 


0 oe ee ee 50-08 | 101-9 19«02 
10-21 | 1-0752 0-02020 1-35169 462-1 | 48-83 | 99-39 | 18-97 -90 
HI 29-89 | 1-2709 0-03159 1-39636 686-5 | 46-56 | 93-40; 18-91 
39-11 | 1-3867 0-03813 1-42361 808-1 | 45-09 | 88-99 | 18-92 “91 
46-17 | 1-5057 0-04457 1-44858 927-1 | 44-19 | 86-27 18-48 
0-05314 1-48406 43-15 | 84-07 


| { 
| | 
HCl 
HBr 
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TABLE II 


Optical and Magneto-optical Constants of Ammonium 


3 
[24] 
| VSol, | | [Dale 
d min. /cm. 765461 § LRila vi 
| per oersted | 
| 
0 | | 15+ 34 82+3 18+39 -86 
NH,Cl 5-2 1-0132 0-01679 1-34342 393-0 | 15-16 31-65 13-18 -86 
9-74 | 1-0268 0-01786 1-35267 413-9 | 14-63 30-41 13-36 “87 
19-01 | 1-0519 0-01997 1-36971 454-5 14-11 | 29-27 13-33 *87 
} 
9:49 | 1- 0-01792 | 1 | 416-6 
18-06 l- 0-02034 1-36253 464-3 24-19 | 50-06 16-88 -86 
32-98 | 1-2126 | 0-02503 1-39019 | 557-9 23-62 | 48-96 16-91 *87 
46-21 | 1-2985 0-02843 1-41186 | 632-0 22-11 | 46-93 16-95 +87 
0 50-21 | 1038-5 | 23-77 | +87 
9-45 1-0596 0-01907 1-34855 439-8 48-59 100-92 23-71 
17-91 1-1203 0-02218 1-36394 507-7 47-09 100-71 23-64 +85 
32-22 1-2419 0-02906 1-39381 | 663-1 45-17 | 99-50 23-53 +83 
58-92 | 1-4838 1-45386 | 959-6 43-85 | 96-08 23-45 +83 


| 0-04284 


TABLE III 


Optical and Magneto-Optic Constants of Univalent Halides 


Salt 


Concentration | 
| Moles/litre | 


[2 ila 


[Dilm 


[Rils 


| 


KCl . 1 14-75 27-30 11-76 0-98 
2 13-85 26-40 11-65 0-95 

| 3 13-10 25 +45 11-54 0-93 

NaCl 1 13-98 26+30 9-8 0-96 
2 13-31 25-52 9-68 0-94 

3 12-56 24-70 9-54 0-92 

1 23-00 43-60 13-29 
3 21-62 41-90 13-138 0-93 

| 4 20-95 41-05 13-06 092 

| 

KBr 1 23-70 15-39 92 
3 21-95 45-01 15-24 0-89 

4 21:20 15-14 0-87 

KI 1 49-6 | 99-5 22:24 0-90 
3 47-20 96-10 21-73 0-89 

4 46-05 94:5 21-51 (0-88 

Nal 1 94-15 19-88 0-87 
3 43-5 92-10 19-64 +85 

4 42-6 91-2 19-52 | (0-84 


Salts 
| 
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The error in the values of [2;],,, [Di]y and yg; of the ions would be 
less ‘han 2%. 


5. DISCUSSION 


It may be worthwhile to compare the results obtained in this investiga- 
tion with those of previous workers. The values obtained for 4 normal 
salt solutions are in fair agreement with those obtained by Ramaseshan who 
made measurements only at that concentration. In the case of acids, how- 
ever, the y values differ considerably from those given by Darwin and Watson. 
These authors indicate that they have arrived at the values 0-62 and 0-35 
for pure HCl and HBr respectively by extrapolating the values for various 
concentration. But very careful determinations here reveal definitely that 
while the anomaly factor for these solutions increases with increasing con- 
centration, the y value of the cation and anion together in these acid solutions 
is practically constant as can be seen from Table I. The values of anomaly 
factor y obtained for constant boiling mixtures of these acids are respectively 
0-78 and 0:83 and are very different from the values of Darwin and Watson. 
Perhaps, liquid HCl and HBr which are supposed to be in an undissociated 
state may have their y value very much lower due to the covalent linkages 
that are known to be present in these acids in the pure state. Although 
magneto-optic data are available for these liquids (Vy. =0-0224; 
Vurr = 0:043 for A 5893 A), the anomaly factor could not be calculated as 
their dispersion data are not available. 


It can be seen from the tables that the anions make a very much greater 
contribution to the rotation, dispersion and refraction than the cations. 
It must be remarked that although the total rotativity and dispersivity of 
both the ions together could be determined to an accuracy of 2%, the actual 
value for the cation is extremely uncertain because of its small magnitude. 
This explains the wide disparity in values of rotativity of cations that are 
reported in the literature. One notices that the change of [2;], and [D,), 
with concentration is much more than that of [Rj]y, the variation being 
greater in acid solutions than in salt solutions. For instance, the rotativity 
and dispersivity change by 10 to 15% in the case of acids and only by 5 to 
10% in the case of salts. The molecular refractivity changes by about 5% 
in the case of acids and less than 2% in the case of salts. 


The study of the anomaly factor (y) of the various ions is also very inte- 
resting. The y value of the ions of the salts is between 0-9 and 1-0 very 
close to the theoretical value of unity. The y value of the acids and the 
ammonium salts are lower than the corresponding sodium and potassium 
salts and another feature is that the anomaly factor is practically constant 
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with varying concentration in the case of acids while it decreases with 
increasing concentration in the case of salts. Further, while in the acids 
y (HI) > y (HBr) > y (HCI), in the salts having a common cation, it is just 
the reverse y(Nal) < y(NaBr) < y(NaCl). Some of these interesting 
features can be explained in a general way. 


It has been pointed out by Ramaseshan that any distortion of the electron 
atmosphere of the ion is likely to produce a decrease in the value of the 
magneto-optic anomaly factor. Hence the decrease of the y value of the 
ions from the theoretical value of unity must clearly be due to either the 
presence of undissociated molecules, the formation of complexes in solu- 
tion or the hydration of the ions by the solvent water molecules. Fajans 
(1927) .ttributes the Jowering of refractivity of acids and salts with increasing 
concentration mainly to the presence of undissociated molecules in solution 
and to the formation of complex molecules like H,Cl,, etc. 


Taking the case of acids first, the low value of anomaly factor can be 
accounted for as follows: It has been shown that the free energy of the 
proton is so high (250 kilo calories), that the concentration of free proton 
in aqueous solution of acids is quite negligible, and so all the protons must 
have united with water molecules to form H,O+ called the oxonium or hydro- 
nium ion. The existence of H,O* ion is almost a proven fact and the 
abnormal mobility of the H+ ion is explained to be due to the H,O*+ formation 
(Hiickel, Bernal and Fowler, 1933). The lower value of y for the acid must 
therefore be attributed to the presence of the H,O+ ion. There is also 
experimental evidence to show that the properties of the H,O+ ion are very 
similar to those of the NH,*+ ion (Glasstone, 1936). For instance, from 
X-ray diffraction studies, it is seen that the crystalline hydrate of perchloric 
acid HClIO,.H,O has the same fundamental structure as ammonium per- 
chlorate. Since the latter consists of interpenetrating lattices of NH,* 
and ClO,°- ions, it is probable that the former is built up of H,O+ and ClO,- 
ions. Hence the y values of acid solutions must in a general way corres- 
pond to those of the ammonium salts. This can be seen to be true from 
the Tables. The low value of y in the case of ammonium salts compared 
to that of other alkali halide salts may be due to the covalent N-H bond 
that exists in the NH,* ion. Careful investigations of the Raman effect 
of aqueous solutions of acid HCl, etc., have failed to reveal the presence of 
any undissociated or complex molecules (Ganesan and Venkateswaran, 1930). 
In fact, the only effect that has been observed is that the addition of small 
cations such as H and Li produces a sharpening of the water band thus 
possibly increasing the regularity of the arrangement of the water molecules. 


We 
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In the case of salts, the rotativity, dispersivity and the magneto-optic 
anomaly factor of the ions decrease systematically with increase in concentra- 
tion. This may be attributed mainly to the hydration and clustering some 
of the ions without being separated by the intervening solvent molecules. 
Bernal and Fowler (1933) who examined the X-ray diffraction data of water 
and also the data of change of ionic volumes with concentration have found 
that water in its pure state has a local structure which is completely altered 
by the introduction of ions into it. In the strong electrostatic field of the 
ions there is a tendency for the water molecules to align themselves thus 
hydrating the ions. They have shown that except in the case of very large 
ions like Rb+ and Cs+ most ions are hydrated. In fact as early as 1900 Suther- 
land has made use of the idea of the change in structure of water to explain 
the viscosity of some dilute aqueous solutions. In the neighbourhood of 
an ion the field is so intense that in a small volume surrounding it, the solvent 
will neither have its usual mechanical properties nor its usual dielectric 
properties. Obviously, the optical and magneto-optical properties would 
also be considerably affected. The slightly lesser value of y from unity in 
the case of salts and also the systematic slight decrease in y; with concentra- 
tion in solutions must be mainly due to this effect. 


TABLE IV 
Magneto-Optic Anomaly Factor of Ions in Crystals and in Dilute Solutions 


Substance vi (solution) | -y; (crystal) 


KCl ee +82 
KBr +92 
Kl ee -90 
NaCl 
NH,Cl 86 
NHgBr 


Table IV gives Ramaseshan’s data of the anomaly factor of ions in 
the crystals, and also author’s data in very dilute solutions. It can be noticed 
that the y value of the ion in crystal is very much lower than that in the state 
of dilute solution. There seems to be a significant difference of more than 
10% in the value of y. This enormous decrease in the value must obviously 
be due to the distortion of the electron atmospheres of the atom due to the 
crystalline structure. This marked deviation in the value of the magneto- 


= 
. 
| 


40 


V. SIVARAMAKRISHNAN 


optic anomaly factor which accompany the transition from the state of 
infinite dilution to the crystal or to the molecule, show regularities of such 
simplicity that one can hardly doubt that they are to a certain extent an 


expression of mutual influences between the ions proper or between the 
ions and the solvent. 


The author’s thanks are due to Prof. R. S. Krishnan for the encourage- 


ment during this investigation and to Dr. S. Ramaseshan and Mr. G. Suryan 


for the discussions and helpful suggestions they gave during the course of 
this work. 


SUMMARY 


The verdet constant and optical dispersion of the halogen acids and 
some of the univalent halide salt solutions have been measured at various 
concentrations. From these the value of molecular magnetic rotativity, 
molecular dispersivity, and molecular refractivity and hence the magneto- 
optic anomaly factor of the ions have been estimated. The values of these 
constants for the ions at infinite dilution are got by extrapolation. It is found 
that the value of the anomaly factor of the free ions having inert gas configura- 
tion is slightly lower than the theoretical value of unity. The anomaly factor 
in the case of HCl, HBr and HI does not vary with concentration and the 
low value of -80 and -85 in the case of HCl and HBr compared to their 
alkali salts is attributed to the formation of H,O* ion in aqueous solutions. 
The systematic decrease in rotativity, dispersivity and the anomaly factor 
in the case of salts of univalent halides is explained to be due to the hydration 
and clustering of the ions. It is found that the value of y of the ions in 
solution is higher than that for the ions in the crystalline state. 
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As reported recently by the present authors! sodium acetate and borax are 
excellent substitutes for the Zimmermann-Reinhardt reagent in pure solutions 
of ferrous ammonium sulphate in presence of excess hydrochloric acid in 
concentrations up to 11 N. In ferrous iron solutions obtained from hematite 
and magnetite, according to the usual procedure, however, the above two 
substitutes proved to be ineffective. While investigating reasons for such 
variance, we have examined the suitability of various inorganic salts for 
equally effective substitutes even in rock extracts. 


EXPERIMENTAL 


Powdered hematite or magnetite (about 7 gm.) was dissolved in con- 
centrated hydrochloric acid (200c.c.) by heating until a white insoluble 
residue of silica remained. After cooling and filtering, the solution was 
made up accurately to 1 litre. 200 c.c. of this solution was heated and 
reduced with stannous chloride added in slight excess after the yellow colour 
of the ferric ion disappeared. After cooling and dilution the excess of 
reducing agent was removed by adding 10c.c. of a 5% solution of mercuric 
chloride added all at once. A white silky precipitate was obtained. After 
allowing to stand for about 5 minutes the contents were swirled by rotating 
the container and directly aliquot parts of 20c.c. each time were withdrawn 
into a conical flask. After adding known amounts of hydrochloric acid in 
excess, various inorganic salts were added in definite amounts and the solution 
titrated with decinormal potassium permanganate. The titre values were com- 
pared with that obtained by addition of the Zimmermann-Reinhardt reagent. 


he Zimmermann-Reinhardt reagent was prepared by dissolving 50 gm. 
of crystallised MnSO,, 4H,O in 250c.c. of water, adding a cooled mixture 
of 100 c.c. of concentrated sulphuric acid and 300c.c. of water followed by 
100 c.c. of syrupy phosphoric acid. To the aliquot part containing ferrous 
iron 40c.c. of this reagent was added. 

The salts employed as substitutes and the relevant experimental condi- 
tions are given in the Tables. The permanganate titre values and the results 
obtained are recorded below. _ 


f 

1 

1 

> 

f 

1 

r 

r 

n 

1 


42 K. M. SOMASUNDARAM AND C. V. SURYANARAYANA 


Preliminary investigations showed the ineffectiveness of sodium acetate 
and borax as substitutes for the Zimmermann-Reinhardt solution under these 
conditions. Similar results were also obtained ‘using trisodium phosphate 
and also microcosmic salt alone and in combination with sodium acetate 
and borax. So also acetates of NH,*, Lit, K+, Ca++, Ba++, Sr++, Zn++, Mgt, 
Hg*, Cd*+, Sn*+, Al*++, Cet++++ and UO,*", proved to be ineffective. Borates 
of NH,*+, Ba++, Cat+, Mg++, Sr++, Al*++ and Zn* were also useless. 
Ammonium chloride alone and in admixture with sodium acetate or borax 
or trisodium phosphate in different proportions yielded inaccurate values. 
Potassium biphosphate, sodium pyrophosphate, trisodium phosphate, potash 
alum, aluminium chloride, potassium hydrogen sulphate also proved in- 
efficacious. 

Sutton? reported ammonium sulphate as a substitute. A systematic 
investigation of its effect in varying quantities from | to 10 gm. in different 


TABLE I. Volume of ferrous solution taken = 20 c.c. 


Permanganate titrate value with 40c.c. of Zimmermann-Reinhardt reagent 
= 21-80 


HCI (5N) HCI (11N) 


Manganous 
acetate Nil 10 c.c. 10 c.c. 


(g.) 


(e) 


(c) 


2-0 
2-5 
3-0 
4-0 
5-0 


(a) No HCl in excess and no dilution. 
(b) No HCI in excess but diluted to 100 c.c. with water. 


| 
: | (a) | (6) | = | (a) | = 
0-1 22-20 
0-2 22-05 
0-5 21-95 22-10 21-90 22-10 22-60 
0-8 21-80 21-80 21-80 
1-0 21-80 21-80 22-05 22-10 
1-5 21-80 21-80 21-80 21-90 21-95 
21-70 21-75 | 21-75 21-80 21-90 
FA | 21-70 21-75 
21-75 21-80 
| 
21-70 
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concentrations of hydrochloric acid showed its ineffectiveness as a substitute 
in iron estimation in solutions extracted from hematite and magnetite. Even 
in pure solutions ammonium sulphate has been found to be not efficacious. 


The present authors found that manganous acetate and potassium sul- 
phate alone yielded promising results which are recorded in Tables I and II. 

Manganous acetate proved somewhat effective, as could be seen from 
Table I. It could be seen from column (a) of Table I that manganous 
acetate added from 0-8 to 1-5 gm., without any excess of hydrochloric acid, 
gives the correct titre value (as with the Zimmermann-Reinhardt reagent). 
Column (b) shows identically the same after diluting the solution with 100 c.c. 
of water. These are conditions under which also the Zimmermann-Reinhardt 
reagent is effective. In columns (c), (d) and (e) with 10c.c., 20c.c., of 
5 N HCl and 10c.c. of 11 N HCI respectively, discordant values are obtained. 
Therefore under identical conditions about 1 gm. of manganous acetate 


TABLE II. Volume of ferrous solution taken = 20 c.c. 


Permanganate titre value with 40 c.c. of Zimmermann-Reinhardt reagent 
= 19-20 c.c. 


Potassium HC! (6N) 
sulphate 


8. Nil 5 c.c. 10 cc. 15 c.c. 20 c.c. 


(3) 
1-0 


2-0 
3-0 
4-0 
5-0 
6-0 
8-0 


19-20 
19-20 
19-20 


10-0 
12-0 


15-0 


19-20 19-20 


19-20 


19-40 
19-40 


20-10 
20-10 


20-0 


Not soluble 


Note.—Combining potassium sulphate with glacial acetic acid, the latter in 5c.c., 10c.c. 
and 15 c.c. in each of which the former was present ranging from 2-5to 15 gm. yielded results 
wide of the correct value. 


(4) (5) 
19-55 19-45 19-45 19-45 20-10 
19-20 19-40 19-45 19-45 20-25 
19-20 ee ee oe 
ee 19-40 19-45 19-40 20-10 
19-40 19-40 19-40 19-95 
19-20 19-40 19-40 19-95 
= 
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gives the same value as the Zimmermann-Reinhardt reagent. The end point 
is sharp changing from yellow to orange red as with methyl orange and 
lasts well for half a minute. 

Potassium sulphate proved to be a substitute in some respects better 
than manganous acetate. Results obtained are tabulated below. 

A perusal of Table II reveals that without any excess of hydrochloric 
acid, i.e., under conditions in which the Zimmermann-Reinhardt reagent 
is very effective, potassium sulphate added from 4 gm. and above until its 
limit of saturation in the solution gives the correct titre value. From 
column (2) it is evident that potassium sulphate if added in any excess from 
10 gm. and above gives the correct value. As is clear from columns (3), 
(4) and (5) increased quantitities of hydrochloric acid from 10 to 20 c.c. 
vitiate the correct value; though the end point is sharp, the milky white 
solution turning pink. The present authors therefore recommend addition 
of about 6 to 10 gm. of potassium sulphate instead of the Zimmermann- 
Reinhardt reagent. 

SUMMARY 

(1) Sodium acetate and borax which were found to be good substitutes 
for the Zimmermann-Reinhardt reagent in pure solutions of ferrous ammo- 
nium sulphate with hydrochloric acid proved inefficaceous while dealing with 
extracts from hematite and magnetite. 

(2) Acetates of NH,*, Lit, K+, Ca*+*, Bat+, Sr++, Zn*+, Mgt+, Hg++, Cd+, 
Snt*+, Al*+, and UO,**, borates of NH,*, Kt, Mn*', Bat+, Cat, 
Mg**, Sr++, Al and Zn‘, potassium biphosphate, sodium pyrophosphate, 
trisodium phosphate, potash alum, aluminium chloride, potassium hydrogen 
sulphate, ammonium sulphate were found to be not useful as substitutes 
for the Zimmermann-Reinhardt reagent. 


(3) Manganous acetate (0-8 to 1-5gm.) under identical conditions 
serves just as good as the Zimmermann-Reinhardt reagent. 

(4) Potassium sulphate has been found to be better in many respects 
than even manganous acetate as it has no upper limit and when added in 
quantitites of not less than 4gm. yields just the same results as with the 
Zimmermann-Reinhardt reagent. 


Our thanks are due to Dr. K. Neelakantam, F.A.Sc., for his kind 
interest. 


REFERENCES 
1. Suryanarayana, C. V. and o 
Somasundaram, K. M. Curr. Sci., 1953, 22, 148. 
2. Sutton .. A Systematic Handbook of Volumetric Analysis, 1924, J. & A. 


Churchill, London, pp. 130 and 238. 


A 

Ct 

‘¢ 

ne 

be 

th 

T 

al 

Wi 

fe 

ce 

a 

ti 

W 

le 

a 


A SYNTHESIS OF CARAJURONE HYDROCHLORIDE 


By (Miss) L. PONNIAH AND T. R. SESHADRI, F.A.Sc. 
(From the Department of Chemistry, University of Delhi) 


Received October 1, 1953 


CHAPMAN, PERKIN AND RoBINSON' found that the cosmetic pigment 
‘Carajura’ contained along with carajurin (I), another crystallisable compo- 
nent carajurone in small quantities. The main difference in properties 
between them was the solubility of the former in benzene as compared to 
the insolubility of the latter and this was made use of for their separation. 
The benzene insoluble portion, when crystallised twice from acetone, yielded 
an indefinitely crystalline mass melting at 183-86°. Its molecular formula 
was found to be C,,H,.O;. It contained one methoxyl group and gave a 
ferric reaction very similar to carajurin and carajuretin (III). Therefore 
carajurone was considered to be a monomethyl ether of carajuretin. The 
amount of pigment obtained was too little to permit a detailed investiga- 
tion of its constitution through degradation experiments and preparation 
of derivatives. However, the perceptible odour of p-acetylanisole obtained 
when carajurone was boiled with concentrated aqueous potassium hydroxide 
led the authors to believe that the pigment was closely related carajurin 
and that the methoxyl group was situated in the side phenyl nucleus as in 
carajurin. It was therefore given the constitution (I). 


o= 
HO 


OR’ 

I, R=R’=CHy 

II, R=CH,;; R’=H 
Ill, R=R'=H 


For the synthesis of 5:6: 7-trihydroxy-4’-methoxy flavylium chloride 
([V) (carajurone hydrochloride) the method of Bulow? has now been adopted. 
In connection with the use of this method, particular mention should be 
made of the work of Chapman, Perkin and Robinson. They condensed 
iretol (V) with anisoyl acetaldehyde (VI), and obtained 5: 7-dihydroxy- 
6: 4'-dimethoxy flavylium chloride (VII). By analogy with this reaction, a 
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synthesis of carajurone hydrochloride seemed to be possible by the condensa- 
tion of 1:2:3:5-tetrahydroxy benzene (VIII) with anisoyl acetaldehyde 
(VI). The intermediate stage would be 2:3: 4: 6-tetrahydroxy-4’-methoxy 
chalkone represented by (IX) and the subsequent ring closure may take place 
in two ways, one in which the 2-hydroxyl is involved and the other in which 
the 6-hydroxyl takes part. The exact course of the reaction would be expected 
to be guided by the relative reactivities of the two hydroxyl groups. The 
greater reactivity of the 5-hydroxyl group as compared with the 3-hydroxyl 
in derivatives of 1: 2:3: 5-tetra hydroxy benzene (VIII) is indicated by the 
study of several reactions of different types (see Mukerjee, Seshadri and 
Varadarajan*® for a recent consolidated account). 


RO y, \ 


IV, R=H 
VIl, R=CHs 


Vv, R=CH, 
VIll, R=H 

1:2:3:5-Tetrahydroxy benzene (VIII) was originally prepared by 
Oettinger* by hydrolysing the hydrochloride of trihydroxy amino benzene 
with water. Posternack® reported its preparation by an entirely different 
method from inosose, a cyclose obtained from mesoinositol. The demethyla- 
tion of 2: 6-dimethoxy quinol with hydriodic acid appeared to be a convenient 
method of preparing it; but the product obtained was extremely difficult 
to purify and the action of hydriodic acid seemed to bring about other changes 
besides demethylation. Next, demethylation with aluminium chloride was 
attempted. The above quinol was unsuitable for this purpose owing 
to its insolubility in benzene. However, 1: 2:3: 5-tetramethoxybenzene 
was easily soluble in this solvent and the demethylation proceeded smoothly. 
The tetrahydroxy benzene so obtained was in the form of a pale brown solid 
which gave all the characteristic reactions previously recorded for it. It was 
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OH OH 
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OH 
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however difficult to purify fully, owing to its instability. An ethereal solu- 
tion of the crude compound was therefore dried over anhydrous sodium 
sulphate and directly condensed with anisoyl acetaldehyde. The resulting 
flavylium salt required careful purification and was eventually obtained in 
a crystalline condition. It did not exhibit any of the characteristic properties 
of carajuretin and carajurone hydrochlorides. But its reactions were very 
similar to those of isocarajuretin hydrochloride (X) and 7: 8-dihydroxy-4’- 
methoxy flavylium chloride.* It gave a violet colour-base on the addition 
of sodium acetate and a prominent green ferric reaction. It did not stain 
the skin. Consequently, it should have the constitution of 5: 7: 8-trihydroxy- 
4’-methoxy flavylium chloride (XI). Thus the behaviour of the above tetra- 
hydroxy benzene is not according to expectation based on the reactivities 
of similar compounds, particularly iretol. 


on Cl 


X, R=H 
XI, R=CH, 


However, such types of ring closure leading to 5:7: 8-hydroxy com- 
pounds are not unknown. Robinson and Vasey’ reported that 2: 3: 6-tri- 
hydroxy-4-methoxy benzaldehyde (XII), on condensation with w: 4-dihydroxy- 
3: 5-dimethoxy acetophenone (XIII) yielded 3: 5: 8: 4’-tetrahydroxy-7: 3’: 5’- 
trimethoxy flavylium chloride which gave no ferric reaction. More recently, 
Baker et al.8 have observed a similar mode of reaction in the new isoflavone 
condensation using ethyl oxalyl chloride. 


OH = OCH, 


—OH 


CH,0— 


XIII 


Since the tetrahydroxy benzene failed to yield the desired product, it 
appeared that either a benzoyl or benzyl derivative in which the 3-hydroxyl 
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is protected and the 5-hydroxyl is free should be used for the condensation, 
in order to enable the reaction to take place only in the desired direction. 
One such derivative is the readily accessible 2: 6-dibenzyloxy quinol (XV). 
It appeared at first sight to be unsuitable because of the possibility of de- 
benzylation taking place in the course of the condensation giving rise to 
complications. It had been reported earlier,® that 2: 6-dibenzyloxy-1 : 4- 
dimethoxy benzene undergoes debenzylation in the course of Gattermann 
and Hoesh condensations in which zinc chloride is also used. In the synthesis 
of malvidin and hirsutidin by Bradley et a/.!° using formic acid as solvent, 
a similar debenzylation was noticed. On the other hand in the synthesis 
of pelargonidin-5-methyl ether employing ethyl acetate as solvent, Leon et al." 
found the condensation product to retain the benzyl group. Hence the suit- 
ability of using dibenzyloxy quinol as the starting material for the present 
synthesis has been tested. When condensed with anisoyl acetaldehyde 
using ether as solvent it yields a product which gives no colour with ferric 
chloride and the anelytical values agree with the requirements of a diben- 
zyloxy compound. It does not form a colour-base on the addition of sodium 
acetate. The formation of a colour-base should be expected even if partial 
debenzylation has taken place. Hence it has been given the constitution 
of 5: 7-dibenzyloxy-6-hydroxy-4’-methoxy flavylium chloride (XVI). The 
above constitution is further supported by its debenzylation by means of 
a mixture of glacial acetic acid and hydrochloric acid whereby 5: 6: 7-tri- 
hydroxy-4’-methoxy flavylium chloride (IV) is obtained. The marked diffe- 
rence in properties between the isomeric 5: 7:8 and 5:6 : 7-hydroxy com- 
pounds has already been emphasised and hence there is no doubt about the 
mode of ring closure in XVI. 


—OC,H, 
OH 
XV XVI 


When crystallised from alcoholic hydrochloric acid carajurone hydro- 
chloride is obtained as short red rectangular prisms which do not melt or 
decompose below 300°. It forms an orange red solution in amyl alcohol 
which becomes deep red on the addition of sodium acetate; a drop of ferric 
chloride solution changes it to a deep brownish purple. It causes a red stain 
on the skin. All these properties are characteristic of 6: 7-dihydroxy flavylium 
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salts. In circular filter paper chromatography, using as solvent the aqueous 
phase of butanol-acetic acid-water mixture, it has an Ry value 0-56, a value 
in accordance with its structure (see Ry value of carajurin hydrochloride’). 
Its absorption maximum in 1% aqueous hydrochloric acid has seen determined 
in Beckmann’s spectrophotometer and lies at 450 mu. 


When treated with aqueous sodium acetate the above flavylium chloride 
forms a bright red colour-base which when crude, melts with decomposition 
between 140-60°. After two crystallisations from acetone the decomposi- 
tion point is raised to 170-86°. Further recrystallisation from pyridine- 
ethyl acetate mixture has resulted in a product which does not decompose 
below 300°. It gives a deep brown-violet colour with ferric chloride. This 
colourbase could be converted into the original flavylium chloride (IV) by 
boiling with aqueous 3% hydrochloric acid. 


EXPERIMENTAL 
1:2:3:5-Tetrahydroxy benzene (VIII) 


1:2:3:5-Tetramethoxy benzene (5g.) was dissolved in dry benzene 
(30 c.c.), anhydrous aluminium chloride (20 g.) added and the mixture refluxed 
for 2 hours. The solvent was then distilled off and ice and concentrated 
hydrochloric acid were added to the residue. The product was then extracted 
with ether and the dull brownish red solution dried over anhydrous sodium 
sulphate and directly employed for condensation. It gave a deep red colour 
with ferric chloride which became brown on standing; on dilution with 
water, a characteristic bluish violet colour was produced. The same bluish 


violet colour was produced even when an aqueous solution was diluted 
further with water. 


5: 7: 8-Trihydroxy-4'-methoxy flavylium chloride (XI) 


An ethereal solution containing 1:2:3: 5-tetrahydroxy benzene 
(about 2g.) was mixed with an ethereal soiution of anisoyl acetaldehyde 
(from 2-9 g. of copper derivative) and saturated with dry hydrogen chloride 
at 0°. The deep red reaction mixture, after standing for 2 days deposited 
a deep red crystalline flavylium salt. It was filtered off and digested with 
a small quantity of methyl alcoholic hydrochloric acid. It then- became 
extremely sticky, but when digested with concentrated -hydrochloric acid 
it became a definite solid.. The flavylium salt could not-be directly crystal- 
lised from dilute hydrochloric acid. It was therefore converted into the 
colour base by grinding with aqueous sodium acetate. The precipitated 
resinous colour-base was extracted with ethyl acetate. The ethyl ‘acetate 
solution was dried over anhydrous sodium sulphate and then: distilled to 
Ad 


: 


50 (Miss) L. PoNNIAH AND T. R. SESHADRI 


remove the slovent. This colour-base was then reconverted into the hydro- 
chloride by heating with 3% aqueous hydrochloric acid. The portion that 
readily dissolved during the above treatment was decanted off from the remain- 
ing solid, allowed to cool and filtered. To the filtrate a small quantity of 
concentrated hydrochloric acid (5¢.c.) was added, when a portion of the 
flavylium chloride separated out. It was filtered and washed with a little 
ether. This product was deep red (almost black) in colour but had a definite 
crystalline appearance. Under the microscope, it appeared as clusters of 
deep red tiny prisms (Found: C, 60:4; H, 4-7; C,gH,,0,;Cl requires C, 
60:0; H, 4:1%). 


When heated, it decomposes at 235-36°; forms a violet colour-base 
on the addition of sodium acetate and gives a rich pure green colour with 
ferric chloride. It is moderately extracted by the cyanidin reagent and is 
quite stable in the oxidation test. It gives a deep olive green colour with 
aqueous sodium hydroxide. 


5: 7-Dibenzyloxy-6-hydroxy-4'-methoxy flavylium chloride (XVI) 


2: 6-Dibenzyloxy quinol (3 g.) and anisoyl acetaldehyde (from 2-35 g. 
of copper derivative) were dissolved in a mixture of dry ether (400 c.c.) and 
ethyl acetate (20c.c.) and cooled to 0°. Dry hydrogen chloride was passed 
for 12 hours. The reaction mixture became deep red and on keeping for 
3 days deposited a deep brown red crystalline solid (2-5 g.). It was filtered 
off, washed with small quantities of methyl alcohol and recrystallised twice 
from methyl alcoholic hydrochloric acid (5%) when glistening orange red 
clusters of rectangular prisms were obtained (Found: C, 66-7; H, 5:2; 
C39H,;0;Cl, 2H,O requires C, 67:1; H, 5:4%). When heated, it decom- 
poses at 105-07°. It gives an orange red solution in amyl alcohol the colour 
of which does not change on the addition of sodium acetate. It does not 
give any positive ferric reaction. 


5:6: 7-Trihydroxy-4'-methoxy flavylium chloride (carajurone hydrochloride) (IV) 


The above dibenzyloxy compound (1 g.) was suspended in glacial acetic 
acid (200c.c.) and concentrated hydrochloric acid (100c.c.) was added 
and the mixture gently refluxed on a wire-gauze for an hour. The benzyloxy 
pyrylium chloride dissolved during the first 15 minutes. It was then allowed 
to stand overnight and the solvent was distilled off until a red solid began 
to separate. On the addition of dry ether a scarlet red crystalline pyrylium 
salt separated out (0-55g.). It was then recrystallised from methyl 
alcoholic hydrochloric acid (2%) when deep brownish red carajurone hydro- 
chloride crystals were obtained. The product appeared to be short red 
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prisms under the microscope. It does not decompose below 300°. It forms 
a deep orange red solution in amyl alcohol which becomes deep red on the 
addition of sodium acetate. A drop of ferric chloride changes the red to 
deep brown violet. It is largely extracted by the cyanidin reagent and is 
partly destroyed in the oxidation test. It causes a deep red stain on the skin 
(Found: C, 56-5; H, 4-6; C,gH,30,Cl, HyO requires C, 56-7; H, 4-4%). 
The absorption maxima of a solution of carajurone hydrochloride in 1% 
hydrochloric acid lies at 450 mp. In circular filter paper chromatography 
using the aqueous phase of butanol-acetic acid-water mixture as solvent 
it has an Ry value of 0-56. 


Carajurone (II) 


The brownish red hydrochloride (IV) was digested with a saturated 
aqueous solution of sodium acetate. The deep red colour-base was filtered 
off and washed with a little water and small quantities of alcohol. When 
crude, it melted with decomposition at 140-60°. When crystallised once 
from acetone in which it was easily soluble it melted with decomposition 
at 170° with sintering at 160°. A second crystallisation from acetone raised 
the decomposition point to 170-86°. This product was still impure and 
did not analyse satisfactorily. A third crystallisation from a mixture of 
pyridine and ethyl acetate gave a product which was in the form of deep red 
prisms. It did not melt below 300°. It gave a deep brown violet colour 
with ferric chloride and stains the skin. 


SUMMARY 


The condensation of 1: 2:3: 5-tetrahydroxy benzene with anisoyl acetal- 
dehyde takes place in an abnormal way and gives rise to 5: 7: 8-trihydroxy- 
4'-methoxy flavylium chloride. By using 2: 6-dibenzyloxy quinol, 5: 7-di- 
benzyloxy-6-hydroxy-4’-methoxy flavylium chloride is obtained and subsequent 
debenzylation yields carajurone hydrochloride; by the action of sodium 
acetate, the colour-base carajurone is obtained. 
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MANGANIFEROUS MICAS FROM MADHYA 
PRADESH, INDIA 


By SRIPADRAO KiLpapy, F.A.Sc. AND A. S. DAVE 
(University Department of Geology, Nagpur) 


Received August 22, 1953 


IN his classic Memoir on the Manganese Ore Deposits of India, Dr. Fermor 
(1909, pp. Ixxii, 9) has recorded the occurrence of a large number of mica- 
ceous minerals particularly from the Gondite Series of Madhya Pradesh, and 
suggested the possibility of some of them turning out to be new to science. 
In the absence of chemical analyses and detailed optical investigations, he 
provisionally assigned some of the pink and brown micas to the Alurgite 
and Manganophyllite species. 


The need for a thorough re-examination of the micaceous minerals was 
brought home to the senior author when he had occasion to examine from 
time to time the large collections from the Sausar Series made by the post- 
graduate students of the Department in the course of their field-survey camps 
during the sessions 1949-53. The large number of micaceous minerals in 
this collection received at the hands of the students nothing more than a 
routine optical examination and a tentative identification of Alurgite (?). 


The recent publication of a note on the manganiferous micas of India 
by Bilgrami (1952, pp. 42-43) and the comments thereon by Dr. Fermor 
(1952, p. 128) again drew our attention to our comprehensive collection and 
the need for a thorough chemical and optical investigation of the micaceous 
minerals. This study was undertaken when the junior author joined the 
Department as a research scholar at the commencement of the last academic 
session. 


In our collection there are atleast four different types of micaceous 
minerals: a brown (variegated) to bronze coloured mica which has now been 
definitely identified as Manganophyllite; a crimson-pink variety whose 
identity with Alurgite has now been established; a pale greenish coloured 
species which is perhaps a chlorite or altered mica; and a dark brown type 
which may turn out to be another variety of Manganophyllite. This paper 
contains a detailed account of the chemical and optical investigation of the 
manganiferous micas: Manganophyllite and Alurgite. 


Dr. Fermor (1909, pp. 196-97) has reported the occurrence of brown 
micas (Manganophyllite ?) from Sithapathur in the Bhandara District and 
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from Ghogara, Junawani, Kacharwahi, Pali, Ramdongri and Satak in the 
Nagpur District. Alurgite (?) has been reported by him from Sithapathur 
(Bhandara District) and Ghogara and Kacharwahi from the Nagpur 
District. 


The brown and crimson-pink micas in our collection come from the 
following localities :— 


Brown mica .. Khapa, Nagpur District; 


Brown and crimson-pink mica .. Sithapathur and Chikhla, Bhandara 
District; Tirodi, Balaghat District. 


The brown and the crimson-pink micas which form the subject of this 
paper come from the Chikhla area of Bhandara District. Both the micas 
occur in a coarse pegmatite cutting across the manganese ore body in the 
Sitasaongi mine. Above the 140’ level the pegmatite thins off into a vein 
hardly a foot or two in width, while at deeper levels it widens considerably. 
Good specimens of the two varieties of mica—brown and crimson-pink— 
were collected from the pegmatite at the 60’ level—the identical locality 
from which Bilgrami (1952, p. 42) got his specimens. The brown mica occurs 
in fairly big books sometimes 7-8 inches across and 2-3 inches thick, while 
the crimson-pink type occurs only in small flakes and scales. Both these 
types are found in the same pegmatite and sometimes interlaminated with 
each other. 


MANGANOPHYLLITE 


Physical characters.—Crystals monoclinic with hexagonal outlines; 
usually massive lamellar. Highly perfect basal cleavage and prominent 
parting or secondary cleavage parallel to 010 yielding and breaking into 
long narrow strips. Regular percussion and pressure figures are also 


obtained. Specific gravity 2-98. Lustre is almost bronzy to metalloidal and 
submetallic on cleavage surfaces. 


Optical properties.—The optic axial plane is parallel to 010. The 
prominent parting parallel to 010 which corresponds to the prominent ray 
of the percussion figure was made use of in the orientation in the absence 
of well-defined crystals. The acute bisectrix X is almost normal to 001. 
Optically negative. Mean refractive index: 8B = 1-60-1-61. Strong bire- 
fringence in transverse sections and weak birefringence in basal sections. 
The value of the birefringence as determined by the Berek’s compensator 
in transverse sections was y — a= -045--048 and in basal sections was: 
y — B=0-0056. The optic angle as determined by direct rotation from 
one optic axis to another on the 5-axes universal stage was (2 V) = 35° 30’. 
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The colour is not uniform and varies from place to place; in fairly thick 
books and plates it is dark brown to bronzy; in thinner plates it is reddish 
brown and in thin flakes it is often a reddish brown and sometimes a dirty 
yellowish brown. Strongly pleochroic in thin section with X = Honey yellow 
to pale yellow; Y=Light brown; Z= Dark brown with often a tinge of 
red. Absorption X<Y<Z and maximum parallel to cleavage lines. 
Parallel extinction, transverse sections showing a mottled appearance between 
crossed nicols. 


Sometimes what appear to be tiny inclusions of a blood red flaky mineral 
are found in the manganophyllite. The biaxial character and the fact that 
the actue bisectricx X is normal to 001 indicate that perhaps these are inter- 
laminated flakes of the crimson-pink mica Alurgite. Well-defined hexagonal 
outlines in some of them support this conclusion. 


Composition.—The average of three chemical] analyses of the mangano- 
phyllite is given in Taole I. 
TABLE I 


Constituents Weight % Mol, Prop. | Oxy. Atoms | Metal Atoms 


20-33 
2-2 
8-4 
100-69 2-773 


The values in the last column of the table are calculated by multiplying 
the atomic proportion of elements in the oxides by a factor obtained on 
dividing the total number of oxygen atoms in the structural unit of mica 
(i.e., 12) by the total of oxygen atoms obtained (i.e., 2-773). The conclu- 
sions based on the X-ray analyses of micas (Bragg, 1937, pp. 37-38) indicate 
that Si is replaced in part by Al in the silica tetrahedrons; Al, Fe, Mg and 


1 2 | 3 4 | 5 
SiO. 40-6 1-354 2-929 
AleOs 16-7 +164 +492 1-419 
TiO, 1-0 -056 
5-1 -032 -096 +277 
MnO 5-58 -079 -079 +3918 
CaO 0-78 -014 -014 +0605 
MgO +2164 
H20 1-05 
K,0 *7702 
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Mn occupy positions in 6 co-ordination, interchangeable to some extent 
and that K, Na and Ca occupy positions in 12 co-ordination, interchangeable 


in themselves. On the basis of this the formula of the manganophyllite 
may be expressed as follows :— 


(H),.05 (K, Na, (Al, Ti, Fe, Mn, Mg)s-187 (Si, (O)12- 


The general formula for Biotite and Phlogopite micas according to 
Bragg (1937, p. 215) is: (X)o_, (Y)3 (Al, Si), (O)9 (O, H, F)2, where X + K, 
Na, Ca, .... etc., Y= Al, Mg, Fé, Fe, Cr, Mn, Ti. 


In the above formula the number in the Y position appears to be in 
the neighbourhood of three. In the formula of Manganophyllite also it 


can be seen that the number in the Y position is 3-187 and therefore indica- 
tive of its close affinity with Biotite. 


It can be seen from Table II that the Manganophyllite from Sitasaongi 
approaches very closely the Manganophyllite from Langban, Sweden, but 
for a higher percentage of MgO in our specimen. A comparison of the 
Sitasaongi mica with the average chemical analyses of Biotite and Phlogopite 
(Nos. 5 and 4 in Table II) shows that the average Biotite contains a much 
higher percentage of iron and a much lower percentage of magnesia; while 
the Phlogopite analysis shows very little iron and a slightly higher MgO 
content. Since the Phlogopite analysis appears to be closer to the Mangano- 
phyllite than that of the Biotite, it may possibly indicate that Manganophyllite 
may perhaps be considered a variety of Phlogopite, where a part of the MgO 
is replaced by MnO resulting in the formation of a mangan-phlogopite. 
Perhaps a serious objection to this interpretation would be that Phlogopite 
is rare in igneous rocks but it should be remembered that the pretty high 


magnesia content of the Sitasagongi and Pajsberg Manganophyllites cannot 
otherwise be explained, 


In Diagram I is indicated the position of our Manganophyllite with 
reference to the Phlogopite-Eastonite-Siderophyllite-Annite series of Biotite 
micas. It is seen that the Manganophyllite is close to the Phlogopite-Eastonite 
series and closer to the Phlogopite than the Eastonite. 


The optical properties of the Manganophyllite such as the dark colour, 
strong pleochroism and refractive index agree with that of ordinary Biotite. 
The optic angle (2 V) is 35° 30’ in our specimen while in ordinary Biotite it 
is 0° or very near 0°. In rare types however the angle is said to be as high 
as (2 V)=44°. Dr. Fermor (1909, p. 196) has recorded that some of the 
brown micas which he grouped under Manganophyllite (?) were uniaxial 
and others biaxial and suggested the possibility of there being atleast two 
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TABLE II 


Constituents 


Mangano- 
phyllite, 
Sitasaongi 


Mangano- 
phyllite, 
Langban 


Mangano- 
phyllite, 
Pajsberg 


Phlogopite, 
Burgess 


Biotite, 
average of 51 
analyses 


Note.— 


Analysis No. 


by Sahu, S. K. and Dave, A. S. 


Analysis No. 2 by Flink, Ak. H., Stockh. Bihang, 1888, 13 (2). 
Analysis No. 3 by Hamberg, G., For. Forh., 1890, 12, 567. 
Analysis No. 4 by Clark & Schneider, 1890, 40, 410. 

Analysis No. 5 by Rankama, K. & Sahama, Th. G., Geochem., 1950. 


species. Our observations also confirm this possibility. The Mangano- 
phyllite from the Sitasaongi area has an optic angle range between 35° and 
36° (2 V) only. The value of the axial angle for the same mica as reported 
by Bilgrami (1952, p. 43) is 18°-22° (2 V). 


The dark brown mica from Sithapathur, Bhandara District, classed 
under Manganophyllite (?) by Dr. Fermor (1909, p. 197) and said to be 
uniaxial has been examined by us and found to exhibit a small optic angle 
ranging up to about 10° (2 V). In the absence of a chemical analysis it is 
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| 
| 1 | 2 3 4 5 
40-6 | 41-36 40-64 39-66 36-46 
AleOs és 16-7 | 16-02 9-43 17-00 17-15 
| 
100 | -56 1+25 
Fe:03 | 4:66 3-66 -27 8-17 
FeO | -20 14-46 
MnO 5-58 | 5-41 9-68 
| 
MgO “4 20-33 13-27 | 22-31 26-49 8-70 
K,0 8-40 | 11-43 10-50 9-97 8-23 
| 
Na2O ee ee 2-09 +35 -60 
H,O a 2-2 4-62 4-30 2-99 2-87 
P 0-49 0-30 2-24 -18 
100-69 99-35 | 101-46 100-60 99-92 
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Annite Siderophyllite 

100 80 60 40 20 0 
100 T T T 0 


uv 20 40 Mol. % 60 80 L00 
6(H 


Phlogopite Eastonite 


Diagram I. (After Winchell) 
Position of Manganophyllite in the Biotite Group 


difficult to say whether this is another distinct species of Manganophyllite, 
different from the Sitasaongi specimen. Perhaps it is another species. 


The optic properties of the micas vary with the composition and it is 
known that the optic angle in varieties of Biotite increases with the iron content. 
Heinrich (1946, p. 847) says that in the Biotite-Phlogopite series, the index 
of refraction is affected more by increments of Fe,O, and TiO, than FeO. 
He has found that the effect of the ferric iron and the titanium is about twice 
that of the ferrous iron and the refractive index of a few Manganophyllites 
when plotted were found to fall reasonably close to the curve and indicate 
that the effect of the manganese is less than that of the ferrous iron. Our 
Manganophyllite when plotted according to Heinrich’s method shows that 
the refractive index is in agreement with the chemical composition. In view 
of the very low percentage of iron in our Manganophyllite the reason for the 
medium value of the optic angle has to be perhaps attributed to the manganese 
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content. Siderophyllite (Coats and Fahey, 1944, p. 373) with 1-01 MnO 
has 2V=6 to 8°; Manganophyllite (Larsen and Berman, 1934, p. 238) 
with 4:52 of MnO has an angle of 14°; a very rare type of Biotite found at 
Langban, Sweden (Jakob, 1924, p. 155) with 8-30 Mn,O; is said to have 

In conclusion it may be said that the Sitasaongi Manganophyllite comes 
very near the Langban species (cf. Table II) and that the provisional identifica- 
tion by Dr. Fermor of the Bronze-brown micas as Manganophyllite has been 
completely substantiated by our detailed chemical and optical investigations. 
It may also be concluded that the Manganophyllite does belong to the Biotite 
group, its affinity however being closer to Phlogopite-Eastonite rather than 
ordinary Biotite. 

ALURGITE 


Physical characters.—Usually occurs in small flakes and scaly massive. 
Crystals have not been noticed. Also in small plates and books not more 
than 1-5 inches across. Perfect basal cleavage and pronounced parting 
parallel to 100(b). The presence of the latter yields long and narrow strips. 
Characteristic precussion figures are also obtained. Specific gravity 2-90. 
Lustre pearly on cleavage faces. Streak pale to light rose. 


Optical properites.—The optic axial plane is parallel to 100. The acute 
bisectrix X very slightly deviates from the normal to 001. Optically negative. 
Mean refractive index 8 =1-62-1-63. Birefringence high in transverse 
sections (y — a = -038--04) (could not be accurately measured by the Berek’s 
compensator, as it was difficult to determine the position of compensation 


correctly) and weak in basal sections (y — 8=-0023). The axial angle 
(2 V) is 29° 15’. a 


The colour in fairly thick plates is almandine to copper red; in thin 
scales it is pinkish to crimson (pale) with a tinge of purple. Pleochroism 
distinct: X = Pale pink; Y= Copper red; Z= Light brownish red. Absorp- 
tion X< Y<Z. Straight extinction. Mottled appearance between crossed 
nicols in transverse sections. 


Composition.—Table III gives the average of three chemical analyses 
of the Alurgite from Sitasaongi. The calculated formula for the mica is: 
(H),-997 (K, Na, Ca).o095 (Al, Fe, Mg, (Si, Al), (O),2. 

The general formula for Muscovite and Margarite as given by Bragg 
(1937, p. 215) is: (X)o-1 (Al, (O)19 (O, H, where the value of 
Y is in the neighbourhood of 2. In the formula of Alurgite given above 


the value of Y comes to 2-061, indicating its affinity with the muscovite 
group. 


SRIPADRAO KILPADY AND A. S. DAVE 


TABLE III 


Constituents Weight % Mol. Prop. Oxy. Atoms | Metal Atoms 


2 


In Table IV are given the analyses of Alurgites from Sweden, Piedmont 
and Sitasaongi together with the average analysis of 37 Muscovite specimens. 
A glance at the table shows the very close similarity of the Sitasaongi speci- 
men with that from Sweden, and also that the Alurgites are near to the 
Muscovite group. 


According to Winchell’s (1925, p. 415 and 1942, p. 114) revised classifica- 
tion of the micas the position of our Alurgite from the point of view of the 
chemical composition falls near his Picrophengite (see Diagram II). 


The refractive index 8 of the Sitasaongi Alurgite is 1-62-1-63 while 
that of the Alurgite from the Ultevis District Jokkmokk, North Sweden, 
(Odman, 1950, Min. Mag., 1952, p. 473) containing 0-59% MnO is 1 -59-1-607: 
the refractive index 8 of the specimen from St. Marcel, Piedmont, Italy (Dana, 
1948, p. 666) is 1-59. The optic axial angles (2 V) of these specimens are 


as follows : Sitasaongi specimen 29° 15’; Swedish specimen 38°-39°; Piedmont 
specimen: 34°-35°. 


It is seen that the Sitasaongi Alurgite comes close (see Table IV) to the 
Swedish specimen but for slightly higher amounts of iron and MgO, which 


as has already been remarked account for the higher refractive index and 
lower (2 V) axial angle in the former specimen. 


60 
1 | | | 3 | 4 | 5 
AlsO3 29-6 +29 -87 2-373 
5-8 -036 +108 0-291 
MnO ps 1-07 -015 -015 -0614 
CaO -98 -018 -018 -0737 
MgO 2-23 056 | -056 +2249 
K20 9-5 -8268 
H.O 4-4 +244 +244 1-997 
99-18 2-932 
| 
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TABLE IV 


Muscovite, 

Alurgite, | Alurgite Alurgite, 

Constituents 4 Average of 37 
Sitasaongi | Sweden Piedmont analyses 


5 


H.0- 2-24 
F | 0-95 | 0-13 
99-18 | 100-41 99:99 | 99-72 


Note.—Analysis No. 1 by Sahu, S. K. and Dave, A. S. 
Analysis No. 2 by Odman (01 of H), Min. Mag., 1952, 29, 217, 473. 
Analysis No. 3 by Penfield, S. L., Am. J. Sc., 1893, 46, 288. 
Analysis No. 4 by Rankama, K. and Sahama, Th. G., Geochemistry, 1950. 

Dana (1892, p. 635) said that Alurgite may be identical with Mangano- 
phyllite, and classed it along with the biotite-phlogopite micas. Winchell 
(1951, p. 365) classes it as a manganian phengite, and our studies point to 
its being a manganian picrophengite. 

In conclusion it may be stated that the tentative grouping of the crimson 
and pink micas by Fermor under Alurgite (?) has now been proved to be 
entirely correct. The Sitasaongi pegmatite contains both the Alurgite and 
Manganophyllite micas. Dr. Fermor’s (1952, p. 129) opinion that the 
Alurgite described by Bilgrami (1952, p. 42) is perhaps only Manganophyllite 
appears to us to be substantiated by our studies. However, there is no doubt 


1 | 2 | 3 | 4 | i 
45-6 | 43-67 53-22 44-95 
AlzO3 a 29-6 | 29-76 21-19 33-51 
Fe2Os3 “al 5-8 | 4-36 1-22 1-76 
MnO 0-59 0-18 +05 
CaO 0-06 = +37 
MgO 2-230 1-19 6-02 0-81 
K20 a 9-5 10-00 11-20 10-47 
Na,O ..| | +54 +34 1-32 
H,0 + 4:4 | 6-28 5-75 | 5-30 
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whatsoever, that undoubted Alurgite and Manganophyllite occur in close 
association in the Sitasaongi pegmatite. The original micas in the pegmatite 
appear to have been Biotite and Muscovite, the former being the first to 
crystaJlise and hence occurring in pretty big books and plates and the latter 
appeared later in smaller flakes and scales. The replacement of Fe by Mn 
is the most common and geochemically the most important among the various 
possibilities (Rankama, 1950, p. 645), in the pneumatolytic-hydrothermal 
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phases of pegmatite intrusion. The dark silicate minerals like Biotite which 
contain hydroxy! groups in their structure are the ones usually liable to such 
replacement. It may, therefore, be said that Manganophyllite and Alurgite 
have perhaps resulted from the diadochic replacement of Fe by Mn, in the 
original Biotite and Muscovite of the Sitasaongi Pegmatite, during the hydro- 
thermal stage of crystallisation. 


Our thanks are due to Mr. S. K. Sahu, Analyst, Laxminarayan Institute 
of Technology, Nagpur University, for assistance in the analytical work. 


SUMMARY 


The bronze-brown and crimson-pink Micas of the Sausar Series, from 
the Chikhla area, in Bhandara District, have been investigated and their 
optical and chemical characteristics have been recorded for the first time 
and discussed in detail. They are found to belong to the Manganophyllite, 
and Alurgite species and exhibit close affinitities with similar species reported 
from Sweden. These Manganiferous micas of Madhya Pradesh have obviously 
resulted from the diadochic replacement of Fe by Mn in the origina] Biotite 
and Muscovite of the Sitasaongi pegmatite, during the hydrothermal phase 
of crystallisation. 
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